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62 MILLION SACKS OF BULK CEMENTING EXPERIENCE 


No cement is lost or wasted when HOWCO Bulk Cementing Service is em- 


ployed. Specified weight in every sack is used. Over 62,000,000 sacks of 
cement, used with expert application of HOWCO equipment and techniques, 
prove every feature of this economical, advantageous service. Weighed in 


the scales of efficiency, economy and results, HOWCO has provided balanced 
Bu l K operations for a decade. Successful operators in active oil fields the world 


over depend on HOWCO for expediting production. This service... com- 
bined with related HOWCO services and equipment . . . built the tradition of 


CEMENTI NG economy and efficiency associated with the famous Halliburton name. 
There is no substitute for experience in oil well cementing 
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“Pick-up” for Production... 









DOWELL ACIDIZING SERVICE... Backed by 18 years 
experience in the field and by an active research program 


On February 11, 1932, a group of men from The Servic ngineers draw on the company’s 
Dow Chemical Company introduced inhibited ighteen y backlog of experience to bring 
acid into an oil well in central Michig: oved acidizing techniques. 

Although the well was scheduled to be aban 
doned, production was increased from 3 BOPD 
to 8 BOPD! This marked the | 1 of 
acidizing service in the oil industry 


comprehensive program of research 
ypment is carried on with just one 
to provide better, more effective 
for the oil industry. Put this develop- 


weginne 


Eighteen years and some 75,000 acidizing job ment i research to work on your well! The 
later, Dowell Incorporated, organized as a sub next time you need an acidizing job, “Look to 
sidiary of The Dow Chemical Company to take Dowell”. There is a Dowell station near you. 
the new process to the oil fields, is still pioneer 
ing in the field of oil well acidizing. Dowell is DOWELL INCORPORATED 
constantly at work developing new and better rULSA 3, OKLAHOMA 

acidizing equipment and materials. Dowell 


DOWELL 


ACIDIZING SERVICE 


Subsidiary of The Dow Chemical Company 


Loch me 





FOR Oll INDUSTRY CHEMICAL SERVICE 


heat exchange 
and Bulk Inhi 


Editoria 
er 


By Lloyd E. Elkins, 


Branch Chairman 


IN 1949 


PROGRESS, YES — BUT MORE TO COME 


This is prepared in the spirit of weighing the results of our 
efforts in 1949 in the hope that some light might be shed on 


problems of the future. 


First and foremost is the recognition due the several score 
of individuals in local sections, on Branch committees, and 


your Executive Committee for their efforts directed toward 


making the Petroleum Branch what it is and what it should be 

One could almost fill the pages of this Jounnat if he at 
tempted to recognize every individual who has contributed to 
1949. The fact that 


in its present form is a monument to 


the success of the Petroleum Branch in 


you have the Journal 


their efforts. 


That Which Is Behind Us 


Branch Accounting 


AIME. exper 


been allocated to Branches and it is now possible to det: 


For the first time in the history of 
cost of services rendered to members of the different Brat 


This information will permit each Branch to manage 


ations more satisfactorily. 
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National and Branch Meetings 


To Be Self-Supporting 


The Board national, regional, and 


took 


Branch meetings self-supporting so far as practical. The nor 


action to make 
mal $18,000 item in the budget for such meetings should be 
reduced in the future to the order of $2,000 plus or minus for 
contingencies: thus, people attending these meetings will pay 
for the privilege and those not so privileged will potentially 
approximately $1.00 which otherwise has to come from 


save 


dues 


Attitude of Board of Directors 


Your chairman did his best to bring before our Board of 
Directors the attitudes of the Petroleum Branch membership- 
it-large with respect to Institute policy. It is believed that the 
Board has full confidence in your Branch leadership and that 
the Institute-at-large will continue to adopt policies which will 


permit each Branch to operate in such a manner as to exploit 
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its full potentialities. A fully informed Board will prove more 


than cooperative to the solution of our problems 


Council of Section Delegates 


This has been discussed at length in previous issues of the 
JouRNAL and is only repeated here to call attention to the fact 
that the Board of Directors is wholeheartedly attempting to 
provide a mechanism by which each local section may con 
tribute to the formulation of Institute policy. The Board has 
acted; the follow-through will depend upon the officers and 


executive committees of our local sections 


Membership 


1949. collectively the Petroleum Branch has done 


an excellent job in increasing its membership as evidenced 


During 


by the admission of over 500 new petroleum members (35 per 
This 


This is pal 


cent of the new members for the entire Institute) new 
record exceeds the high of 1948 by 50 per cent 
ticularly significant in view of the fact that new members who 
in the last half of the were aware of the dues 


joined year 


increase 


Numerical strength of the Petroleum Branch has double! 


in the past five years 


MEMBERSHIP 


(Excluding Student Associates) 
Per cent 
Petroleum Branch 


of AIME 


15.9 


Year 
Lob 
1949 


Petroleum Branch 
1940 


1150 25 25.5 


The phenomenal increase of Student Associate members in 
AIME from 1,497 in 1944 to 4,658 in 1949 resulted 


in a large degree from heavy enrollment in the petroleum 


the entire 


engineering schools, The Petroleum Branch is accredited with 


1.350 of these Student Associates 


Also the formation of the San Joaquin Section of the Pacific 
Petroleum Chapter, the Illinois Basin Chapter, and the South 
( Lubbock ) 


has contributed and will continue to contribute to the strength 


Plains Sub-Section of the Permian Basin Section 


and aggressiveness of Petroleum Branch activities 


— 
Production Statistics 

The production review with which you are all so familiar 
will be published in sections in the JourNat and will therefor: 
be available to all members and subscribers at the earliest 
possible date. It will also be available in a bound volume after 


publication in the Journat for those who order such a volume 
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This is intended to improve services rendered to the member- 
ship-at-large and to reduce the cost of publishing the Statistics 


yy some $6,000 (approximately 50 per cent) 


General 


It is not necessary to again emphasize the greatly successful 
San Antonio and Los 


Branch Directory, nor add further emphasis to the quantity and 


Angeles Meetings. the well-received 


quality of technical papers, articles, and news items received 


from local sections. All have been outstanding and because of 


your Branch will rise to greater heights 


them 


But the job is never done and there is room for improve 


ent and progress as each new year makes the calendar 


Problems Confronting the Leadership 


of the Petroleum Branch 


Branch Dues 


When the dues referendum is resubmitted to the member- 
ship in 1952, it should provide for a differential in dues be 
tween Branches so that each Branch will substantially pay its 
wa n proportion to services rendered. There should be 

1 general fund provided to take care of emergency problems 
any Branch to which fund all Branches should contribute. 

\ step in this direction will provide for the fullest degree of 
satisfaction to the This 


made with the full realization that if such a policy were to be 


membership-at-large suggestion is 


idopted at this moment, there would not be a dues reduction 


to Petroleum Branch members; there would be an increase to 


the Metals 


same ind there 


Branch, ours would remain approximately the 


would be a reduction in the Mining Branch. 


Elimination of Regional Meetings 


AIMEE 
the Petroleum Branch has been lukewarm on 


Regional Meeting scheduled for 1950 and 
time 
bee ause our own 
Our Branch 


an extent that most people 


in such meetings, primarily 


ig usually follows within two weeks 
ow grown to such 
uttend a Regional Meeting much prefer to attend 
meeting 


If the Regional Meetings are dropped, 


{ Directors might give consideration to scheduling 
regular fall meetings in conjunction with a Branch 
us, in due course the Board could meet with the 

lifferent Branches and have the opportunity to become better 


icquainted with their attitudes and problems 
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Student Contacts 


One of our major problems is keeping in contact with stu 
dents from the time they leave school until they are employed 
If the Membership Committee could direct a major portion of 
their effort to the solution of this problem, the continued 
growth in members and in the opportunity to serve our 
fession would be better insured. 


Further Reprinting of Transactions 


It is again practically impossible to ebtain back copies 
the Transactions. The reprinting that was made several years 
ago has proved to be very profitable to the Branch and of 
real benefit to new members. With our growing membership 
rate, a second reprinting sometime in the future might likewi- 


be attractive. 


Broadening Our Technological Base 


It is often stated that we should solicit more papers 
field of drilling and completion technology. It is a real 
that the advancement of technology aimed at recovering more 
and more oil at less and less cost places considerable emphasis 
on reservoir engineering: nevertheless, drilling and completio: 
technology are often controlling factors. Improvement 
ing and completion technology can be of comparable 


industry and the community at large. 


Local Section Attitudes 


fhe pattern of meetings being adopted by many local se 
tions consisting of a fellowship hour followed by a dinner and 
the technical session is highly commendable. The encourage 
ment of local affiliates (members of local groups, but not 
AIME) AIM} 


membership and will provide the opportunity to better serve 


members of will eventually promote a greater 


the community-at-large. 


Ultimately local sections following the above practice can 
take care of local operating expenses and eliminate the nec 


sity for section appropriations out of Institute fund If a 


Branch dues program were to be adopted as suggested herein 
there would be a direct reduction in dues to the members of 
the Branch. Members who attend local meetings would pay 
services rendered; those who 


for that portion of 
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reason cannot attend such meetings would not underwrite the 
privileges of others 

There should always be Branch funds and Institute Contin- 
gency Funds to assist new sections and chapters to get started, 
Funds should always be available from the Branch for special 
projects 
in local sections move in the above direction, we can 
between one and two dollars off our annual 


If we 
probably cut 


Institute dues 


A Letter to Bill 
Dear Bill 


All of us in the Petroleum Branch regret the transfer of 
your staff leadership from AIME to API. However, we know 
and hope we will always have, your friend- 


that we still have 


ship and good will 


Probably the best way to express our full appreciation for 
your “more-than-duty-calls-for” services rendered is to recog: 
nize your part in the AIME developments during the past four 
years. While lay leadership is important, we advance or recede 


according to the ability of staff leadership. 


Bill, we accredit to your leadership a very large measure 
of the successful program reflected in the status of the Petro- 
leum Branch today. Such progress was brought about to a 
your ability to work with a procession of 


great extent by 


‘bosses” and keep united into aggressive and continuous action 
widely variegated and sometimes quite divergent opinions and 


attitudes. We wish for you the same success in API. 


As a token of this appreciation at the Petroleum Branch 
Dinner in New York on February 14, the Branch has presented 
fully 
wrist watch on the back of which is engraved the following: 


you a automatic stainless steel Rolex oyster perpetual 


Best of luck to you, Bill, and many of us will be waiting to 


welcome you to the API 


For the Petroleum Branch of AIME 
LL. E. Elkins 


Chairman 
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PETROLEUM BRANCH OFFICERSHIP ELIGIBILITY LIST 


ARTICLE VIII of the By-Laws acopted March 20, 1947 pro 

vides that: 

“. . Te be eligible for election to the Executive Committee Brownscon 

a member shall have had wide experience in the affairs of yu y CLS 42 PP 42 Ef 

the Branch . . . * 

ay To be eligible for Chairman a member shall have had 

three years of active service in the Branch, at least one of which 

shall have been as Chairman of a standing or special committe te es B RVC 4 EC 46 DI 

or as a member of the Executive Committee 6 

“. .. To be eligible for Vice-Chairman a member shall hay 

had two years of active service in the Branch. at least one of 

which shall have been as chairman of a standing or special { ; 

committee, or as a member of the Executive Committee, or o ‘ CLS 38 PE 

Chairman of a Local Section : } 15 ST 38-39-40 EC 44 PP 44 EC 48-49 
The list below is of members who meet the specific provision 

of eligibility for election to Chairman or Vice-Chairman. No 

attempt has been made to distinguish those who meet the non 

specific portion of the eligibility requirements, Le. “wide 

experience” and “three years of active service”. Data ater CLS 


cach name represents the year and type of servic weording j ene Prod 35-36-37-38-39-40 
CLS 


PR 47-48 
CLS 47 EC 49.50-5 


to the code below. 

The Pacific Petroleum and Hlinois Basin Chapter have be« ‘ » 47 CLS 46 EC-50-51-5 
considered Local Sections, within the intent of the By-Law kh CLS 
The list may be incomplete with respect to the earliest year Kk I 5 i 19.50 Ch 49 Nom 
of the Branch (1922-1927), as full records on that period are \\ 
net available. Please call any errors or ommissions to th t h Et 
attention of the editor r 

é rord I CLS 47 Pub 
POSITION CODI t | man D Ee 42-43 
t CLS 40 ER 42 Me 44 Pub 46 VC 48 EC 
CLS 34 PE 36 Eé 


CLS 


Associate Branch Chairman 
Branch Chairmar 
Chairman, L« EF 
Division Treasure 
Member, Exe tive Committer 
Chairman, Education Committees 
Chairman, Engineeri Education (ommittes 
Chairman, Engin ing Research Committee 
Chairman, Geophysics Committees ER 
Chairman, Lucas Fund Committee EC 35 Nom 
hairman, Membership Committee t+ \ } 39-40-41 Ch 
hairman, Nominating Committee 
hairman, Production Engineering Committes 
hairman, Production Geology Committee 
hairman, Papers and Programs Committee 
hairman, Production Review Committee 
hairman, Progress Committee 
hairman, Production Committee 
hairman, Production Technology Comm 
hairman, Pul tions Committee 
Refinery En ng Committee 
Branch Regional Vice-Chairman 
Chairman, Speci Committee 
Branch Secretary-Treasuret 
Chairman, Stabil 
lransportation Engineering Chairma 


Branch Vice Chairman 


} Pub 43-44 Ee 


tte 


tion Committee 


Akins, D. W It CIs 4 r 
Albertson PE 35 AC 36 Ch 37 Fe : s Dp ac . 
Aleorn, 1. W Me 45 CLS 44 Ch 48 EC 48 49 Nom 4 , " ; ‘a - “<5 
Ambrose, A, W CLS 27 EC 30-35 Ch Hontinet ER 37 
Andrews, Paul CLS 49 EC 49 VE ' , CLS 
Armstrong, EF. B CLS : AC 
Atkinson, Burton CLS 48 Me CLS 
Atkinson, Thomas CLS - ER 39-40 PP 43 Ed 46 
Aucoin, Riley CLS HH ER 45 PP 46 Fé 
Beal, Carlton ; 8 | , ‘ EC 37-42 A€ 
Beams, Robert | CLS 4 - , CLS 37 PE 42 RVE va EK 
Reardmore, H. t j . : k 3 
Beecher, ( I 

Bell, John S 

Bennett, BE. O 

Berwald, Wm. B 

Bethancourt, Raoul 

Blau, L. W 

Bradley, R. J 
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Joe B. Alford Appointed To Succeed William H. Strang 


As Branch Secretary 


Following the resignation of William 
H. 


leum Institute in Dallas, Joe B. 


Strang to join the American Petro- 
Alford 
was appointed as executive secretary of 
AIME Branch the 
Executive Committee. Alford has been 
of the 
TECHNOLOGY 


the Petroleum by 


assistant secretary and editor 


JOURNAL OF PETROLEUM 
since its inception in January, 1949. 
Alford is a native of Seymour, Texas. 
He attended Texas Technological Col- 
lege and was graduated there in busi- 
ness administration in 1939. He became 
affiliated with the Texas Power & Light 
Co., and then enlisted in the U. S. Army 
in 1940. He was 
served with the 71st Division 


commissioned in 1942, 
Artillery 
in Europe, and was released in 1946 in 
the rank of major. 

Entering Leland Stanford University 
for the 1946-47 term, he acquired an 
M. A. 


to Dallas as associate editor of publica- 


in journalism, and then returned 


tions for a national concern. During the 


Petroleum 


ot } 


year prior to his joining the 


he was associate editor 


Branch 
Southweste! verchandising association 
magazine 


The Alford 
Ceorge Marie 


family consists of Mr 
Alford, a native of Dalla 
daughter two 


of 


age 
Dallas 


15 to succeed 


and France i 
Jess I Adkins joined the 


? ~ fT. »} 

F I F 
Branch Staff on February 
Alford as editor 
nt will be reviewed in the 


Mrs. W 
staff last 


of the JournNAL. and 


his appointme 
March 


who joined the 


lene Haywood 


June. will con 


tinue as production manager of the 
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THE SECOND MILE 


By 


WILLIAM FE. WICKENDEN 





WILLIAM E. WICKENDEN was president of Case 
Institute of Technology, 1929-47; president American 
Society for Engineering Education, 1933-34; president 
American Institute of Electrical Engineers, 1946-47; 
honorary degrees from nine institutions; died Septem 
ber, 1947. This article is based upon an address made 
before the Engineering Institute of Canada, distributed 
in pamphlet form by the Engineers Council for Profes- 
sional Development 











“Whosoever shall compel thee to go one mile — go with him 


twain.” I am not sure that | should dare to choose this as a 
text for a talk to engineers, such is the present state of our 


biblical 


Sermon on the Mount as a counsel of perfection, good advice 


illiteracy. However you will recognize it from the 
in the form of a paradox which emphasizes a profound truth 
by an apparent denial of common sense 

\ preacher, who was reproached for straying rather widely 
from his text, replied “A text is like a gate, it has two use 
you can either and pa 


swing on it, or you can open it 


through.” Let us pass on through 

Every calling has its mile of compulsion, its daily round of 
tasks and duties, its standard of honest craftsmanship, its code 
of man-to-man relations, which one must cover if he is to sur 
vive. Beyond that lies the mile of voluntary effort, where men 
strive for excellence, give unrequited service to the common 
good, and seek to invest their work with a wide and enduring 
significance. It is only in this second mile that a calling may 


attain to the dignity and the distinction of a profession 


Is Not Every Occupation a Profession? 


There seems to be an illusion abroad that any calling may 
claim recognition as a profession by merely willing it so and 
by serving notice to the effect on the rest of the world. | 
is supposed to help a lot, too, if you can invent for your occu 
pation some mysterious-sounding name derived from the Greek 
One reads, for example ot a group of barbers who elect to be 
“chirotonsors,” 
Why not 
The truth seems to be that a 
halo ot 
wants to claim it, and the unique value of the word is quickly 


When 


served what the advertising fraternity has done to the word 


known hereafter as in order to raise the pres 


tige of the “profession when you have cosmetolo 


gists right in the same shop 


soon as any word acquires a distinction, every ons 


destroyed by indiscriminate usage one scientist ob 


“research,” he remarked dryly that we now use that word to 
shall 


soon have to invent another 


mean so many things we 
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word to mean research. The ambition to dignify honorable 


work is laudable, but there is much seizing after the form and 
letting the substance escape. which would be ludicrous if it 
were not pathetic 


A prominent English churchman once remarked facetiously 


that there were three sorts of Anglicans — the low and lazy 


the broad and hazy. and the high and crazy. It seems to be 
:mong engineers in our thinking about our 
helds that 


status and titles are of little consequence: so long as the pub 


much the 


profession We 


same 


have a low church party which 


lic allows us to claim them not much else matters if the engi 
neer does an honest day's work. The broad church party is all 
for inclusiveness; if business men and industrialists wish to 
call 
sood, not forgetting the more expensive grades of membership. 


a 


The high church party is all out for exclusive definitions and 


themselves engineers, let us take them in and do them 


what makes a 
his skill, his 


it is his license certificate. 


a strictly regulated legal status: in their eyes, 


man a “professional” engineer is not his learning. 


ideals leadership 


his public 


What Professions Have in Common 
like 


to which any man may aspire within the bounds of his 


Of professions there are many kinds; open professions 


musit 


talents, and closed professions like medicine which may be 


individual 
like law 


whose members constitute “the bar.” a special class in society 


entered only through a legally prescribed process; 


professions like painting and group professions 


private prote SSions like authorship and public professions like 


artistic professions like sculpture and technical 


like the 
which safeguard 
like 
Despite all these differences of pattern 
like a 


woof of every type of professional life and 


ournalism 


ssions like surgery ameliorative professions 


work 


through a 


prof 


ministry and social and professions 


social institutions technique of destruction, 


the army and navy 


certain characteristic threads run common warp be 


neath the varving 
endeavor 

If one searches the authorities for definitions of a protession 
e will probably find four kinds. One is likely to hold that the 


letermining quality is an attitude of mind, that an altruisti« 


otive can lift any honorable calling to the professional level 
say that it is a certain Aind of work, one requir 


kill on a high intellectual plane. A third may 


tate that it a spec ial order in society, as the bar. the bench 


the clergy. Still others insist that no work can be profes 
sional without a confidential relationship between a client and 
as that of patient to physician, litigant to lawyer 
definitions is self-sufficient. Taken together 


ot these 
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like the legs of a table, they give a profession a stable base of 
support. 


The Individual and the Group 


Suppose a man were to say, “I'll be a professional, but I'l! 
do it by myself; I hate organization dues and duties.” One 
would be tempted to reply. “So you'll take the head, without 
the body which nourishes it.” Or suppose another were to sa 
“Oh! Tl join all right, but I'll never do anything about it 
to which a fair answer would be, “So you'll grasp the form 
and let the substance go.” Full professional life can not be 


achieved in isolation; like religion and the church, it needs a 


culture medium in which to grow and flourish. Some aspects 
of professional life are essentially individual, while some are 
essentially group relations. 

i irst 


we may say that it is a type of activity which carries high 


What is the distinctive mark of the professional man ? 


individual responsibility and which applies special skill to 
problems on a distinctly intellectual plane. Second, we 

say that it is a motive of service, associated with limited re 
wards as distinct from profit. Third, is the motive of self 
expression, which implies joy and pride in one’s work and a 
self-imposed standard of excellence. And fourth, is a con 
scious recognition of social duty to be fulfilled among other 
means by guarding the ideals and standards of one’s profes 
sion, by advancing it m public understanding and esteem, by 
sharing advances in technical knowledge. and by rendering 
to that for 


compensation, as a return to society for special advantages of 


gratuitous public service, in addition ordinary 


education and status. 


Next, what attributes mark off the corporate life of a group 
of persons as professional in character? We may place first 
(skill) held as a 
common possession and to be extended by united effort. Next 


is an educational process based on this body of knowledge 


a body of knowledge (science) and of art 


and art, in ordering which the professional group has a recog 
nized responsibility. Third is a standard of personal qualifi 
cations for admission to the professional group, based on char 
acter, training and proved competence. Next follows a stan 
dard of conduct based on courtesy, honor, and ethics. which 
guides the practitioner in his relations with clients, colleagues 
and the public. Fifth, we may place a more or less formal 
recognition of status, either by one’s colleagues or by the state 
as a basis for good standing. And finally, there is usually an 
organization of the professional group, devoted to its com 
mon advancement and its social duty, rather than to the main 


tenance of an economic monopoly. 


How Professions Came Into Being 

The traditional professions of law, medicine and divinity 
had a common fountainhead in the priestcraft of antiquity 
What is professional in modern technical callings such as 
engineering can be traced back only as far as the mediaeval 
craft and merchant guilds, which arose out of the breakdown 
Before 


were developed to lend the protection of army or navy to far 


of feudalism. strong central and local governments 


band 
Han 
seatic League along the shores of the Baltic Sea. The various 


flung commerce, voluntary groups of merchants had to 
together for their own protection, as in the cities of the 


crafts likewise found it necessary to join together in guilds 
for mutual protection and regulation. If you have an oppor 
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tunity to see a performance of Wagner's opera Die Meister 
singer you will not only hear much magnificent music but also 
an unforgettable picture of guild life in its mediaeval home 

There being no other effective authority, the guilds took over 
the regulation of the hours of labor, the observance of holi- 
days, the length and content of apprenticeship, the wage sys- 
tem, the standards of workmanship and the quality of goods. 
The guilds also tested the progress of novices, apprentices and 
and finally 


masters with imposing ceremonies, of which college commence 


journeymen admitted them to the ranks of the 
mencements and inaugurals are the most picturesque survivors 
in our modern day 

themselves considerable 


took 
As the cities gradually grew strong 


The guilds naturally unte 
monopolies and privileges 
they usually recognized the guilds and gave them a consider- 
To this day The City 


a single corporate unit. The church, too, 


able share of civic responsibility and 


Guilds of London are 
keeping with a philosophy which looked 


lent its blessing ir 


upon society as a commonwealth divided into divinely or 
dained functions and not as a mere aggregate of individuals. 
In short. guild life became a highly developed form of citizen 
ship which centered around occupations rather than politics. 

Many features of this distinctive type of citizenship are per- 


The 


grants to a profession more or less tangible monopolies and 


petuated in our modern professional bodies. public 
self-governing privileges, in consideration of which the pro 
fession engages to admit to its circle only men of proved com- 
petence, to guarantee their trustworthiness, to insist on the 
observance of ethical relations and practices, and to protect 


the public against bungling and extortion. 


What a Profession Must Guarantee 


The self-policing responsibilities of a profession in our 
modern world arise in large measure from the fact that so 
many of the occasions which call for professional service are 
human emergencies in which the usual axioms of business, 
such as “competition is the life of trade” and its legal doctrine 
of caveat emptor, “let the buyer beware.” simply break down 
When a baby is about to be born or an appendix must be re 
moved, you do not want to drive a smart bargain at your own 
risk. What you want are credentials that will assure you that 
the job is in competent hands 

When a layman comes face to face with the complex and 
often terrifying specialization of professional skill and knowl 
edge. he is likely to be baffled or easily misled. If you have a 
problem of mental illness in your family, how can you be sure 
you are dealing with a qualified psychiatrist and not with a 
plausible but unscrupulous quack? To protect you in these 
emergencies the public wisely puts the burden of guaranteeing 
at least minimum standards of competence and ethics on the 
profession itself. The physician you can trust is one who is 
recognized as well qualified and reputable by his brother phy- 
sicians of good standing the same with lawyers, dentists, 
architects and engineers 

The state may implement the obligation of a profession to 
guarantee competence by designating a group of its members 
to conduct professional examinations and to issue public li- 
censes to those who pass them successfully, or it may leave 
professional bodies free to issue their own credentials, Both 
may exist side by side, as in the realm of 


of these practices 
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medicine where the state lieenses general practitioners 


through a beard of examiners, while the various groups of 


specialists have voluntary organizations which examine and 


certify physicians seeking recognition in their respective fields 
In the end, it comes down to the same principle — a profes 


sion must guarantee to the public the trustworthiness of its 
practitioners, In return, the public protects the profession from 
the incompetent judgment of the layman by a privileged posi 


tion before the law 


Is Technical Skill Enough? 


Professional status is therefore an implied contract to serve 
society, over and beyond all specific duty to client or employer 


in consideration of the privileges and protection society ex 


tends to the profession. To possess and to practice a special 
do not in themselves make an indi 


Mere 


level, is vocational rather than professional in nature. The 


skill, even of a high order 


vidual a professional man technical training, at any 


difference between technical training and professional educa 
difference of 


tion is no simple matter of length — any two 


intellectual 


More spe 


years, or four, or six; nor is it a mere matter of 


difficulty. It is rather a matter of spirit and scope 


cifically, it can be described as an overpl is beyond the knowl 


edge however intricate. a man needs to master his daily tasks 


needs to be extremely skilled in 


other skills of his craft 


A surgeon, for example 


tying knots, which he learns with the 


by technical training and prolonged practice. but the overplu 
in his education which marks him as a professional man is 


the long process of study, ob ervation and reflection whic 


gives him deep insight into the human organism and its hidden 


forces of disorganization and recuperation, Professional edu 


cation for the lawyer means more training for him to draw 


contracts, or to draft wills and trust agreements, or to prepare 


briefs and try cases. It means also the study of the history 
and philosophy of human relations and social institutions out 
of which the law has grown a 


Likewise for 


aims at skill in applying mathematics and the physical sciences 


i deposit of the age-long experi 


ence of mankind an engineer, technical training 


to concrete problems of design, construction and operation, but 


professional education looks beyond to philosophic insights 


into the relations of mathematics and science as mode: of 


universal human experience and to competent understanding 


of the social and economic forces set in motion by techno 


logical achievement 


The overplus in professional education, in short, is that 


which enables a professional man to view his work not only 


as a skilled service to a client, but also in terms of its conse 


quences for society An engineer for example, develops a 


labor-saving process and recommends its adoption; does he 


see in this act only an immediate saving in the cost of produc 
tion, and assume that this is adequate justification in itself? Or 
can he perceive the sequence of effects which will be felt in 


individual workers, of the which 


employs them, of the 


the lives of organization 


community in which it functions, of the 


markets which it supplies, and of the wider sector of society 


which it ultimately serves In the answer to these question 


there is wrapped up much of the difference between a high 
grade technician and an engineer of true professional stature 
Every professional body counts on its rosters many men who 


are litthe more than technicians, and it is well that they are 


included since professional development comes so largely 
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eciation and indoctrination. But no professional 


bedy can be strong and effective unless it contaius a substan 


tial nucleus whose intellectual attainments far exceed in depth 


and breadth the technical demands of its practice 


Professional Obligations 


The ethical obligations of a profession are often embodied 
in codes and enforced by police powers. Even when no written 


unons exist, as in the artistic professions unwritten usages 


and standards exercise a powerful guilding and restraining 


nfluence. The physician and the lawver are bound by explicit 


tions. Each must keep inviolate his client's confidence 


bligat 


client's intere:ts exclusively, and stay within strict 


serve fils 


bounds of procedure. Woe betide the man who oversteps these 


obligation if the courts do not deal with him the organized 


profession will. As engineers. our codes are less tangible and 


the means of enforcement less explicit, in proportion as our 


duties are less definable. but our ethical obligations are no 


less binding morally 
Codes and police powers alone do not sufhce to sustain the 
personal and corporate obligations of. a profession any more 


life of 


Eq ial importance attac hes to the state of mind 


than statutes and courts alone can assure the healthy 


4 community 


known as professional spirit which results from associating 


of superior type. and from the adherence to a 


together men 
mmon me il which puts service above gain, excellenc e above 


quantity 


| self-expression above pecuniary motives and loyalty 


bove individual advantage. No professional man can evade 


the ol on to contribute to the advancement of his group 


His skill he rightly holds as a personal possession and when 


he imparts it to another he justly expects a due reward in 


money or in service. His knowledge, however, is to be regarded 


is part of a common fund built up over the generations, an 


inheritance which he freely shares and to which he is obli 


to add; hence the duty to publish freely the fruits of 


e-earch and to share the advances in professional technique 


Marks of Retarded Professional Development 


Measured by standards such as these, many men who call 


themselves engineers and who have proved themselves compe 


tent in accepted technical practices, have not attained a real 


professional stature. Some are victims of a deficient education 


tt in the sense that school and college failed to teach them 


ill they would ever need to know, but rather failed to incul 


cate 


a taste and a capacity for continued learning under self 


direction. They are usually the men who have let their scien 


fic training slip away after they have mastered a specific job 


who have been unable to surmount the routine of early experi 


ence and have gradually grown content with mediocrity. Some 


{ the 


lificulty may be inherent in the operating routine so 
ften associated with an engineer's work. There is much in the 
laily work of a physician, a lawyer, or a minister of religion 


compels him to be a life-long student. In peacetime 


ing army ofhcer is likely to spend an average of one 
oing to school. The student habit is less often a 
and in some degree this is but natural 


ngineet 


action as distinct from the man of reflection 
many are content to leave all growth after their 


ollege 


ut sustained intellectual discipline of any kind 


days to the assimilation of ordinary experience, with 
If these defi 
are not solely a reflection on the individuals 


encies exist. they 
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involved, but also on the professional body. One of its ob! 
tions to its younger members is to give effective stimulus 
guidance to their growth. 


Why Not Require Longer Training? 


There is a school of thought which has two quick and read 
remedies for all the ills and shortcomings of the engineer 
profession. One is to keep the boys longer in college an 
compel them to cover courses in both liberal arts and ¢ 
the use of the tithe 


neering. The second is to limit strictly 


“engineer to men who have obtained a public license. One 
need not quarrel with either the aims or the means; so far as 
they go both are good, but they cover only the first mile 

Registration will probably always be a qualifying standard 
rather than a par standard for the engineering profession. 1B 
its nature, it cannot be a standard of distinction. It will 
far toward keeping the wrong men out of the profession, but 
it will serve only indirectly to get the right men in. Beyond 
it lies a second mile of growth and advancement for which 
effective guidance, incentives and rewards can be provided 
only within the profession itself. 

The proposal to compel all engineering students to remain 
SIX years or more in college in order to complete combined 
courses in liberal arts and in engineering is attractive in the 
ory but unworkable in practice. Some young men should do 
so, but the majority will not. Those who do are likely to find 
that the advantage gained comes quite as much, or even more 
from sharing the life and spirit of two divisions of education 
with differing ideals and traditions, as from a more extended 
range of studies. The advantage of breadth, so gained, must be 
weighed against the depth which might result from devoting 
the same length of time to a combination of undergraduate 
and postgraduate training. No combined program in arts and 
engineering requiring more than four years can be made com 
pulsory in the face of the demands of industry, the attractive 
terms offered to four-year graduates, and the wide range of 
engineering responsibility, nor is it likely to succeed so long 
as the typical student engineer, as graduation approaches 
shows so unmistakably that he is fed up for a time with formal 
teaching and study and craves action and experience 

Much has happened in late years to strengthen the belief 
that possibilities in the mile of voluntary advancement are 
more hopeful than any lengthened mile of compulsory discip 
line. Growth in postgraduate enrollments in engineering col 
leges in the prewar years was especially impressive, with the 
ratio of master’s to bachelor’s degree rising above one to ten 
and that of doctorates nearing one to a hundred. What was 
particularly noteworthy was that so many of these advanced 
students were pursuing interests and needs which they had dis 
covered for themselves in their early professional experience 
further discipline — however ideal — which 


rather than a 


others had imposed upon them. 


Does an Engineer Need His Profession? 


The engineer needs his profession for his personal adva 


ment. That is the purpose which brought it into bein He 


* The first professional society, The Institution of Civil Engines 
organized in London. The official account of its founding begir 
toward the end of the year 1817 that a few gentlemen, then beginr 
impressed by what they themselves felt were the difficulties 1 
had to contend with in gaining knowledge requisite for the d 


practice of engineering, resolved to form themselves into a 
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needs it most at the 
heard the 
‘When my 


Scouts will take me up 


eginning of his career. Perhaps you have 
wisecrack on the bringing up of the American boy. 


father and my mother forsake me, then the Boy 


Just substitute alma mater and pro- 
fessional society in the right places. Young men need for their 


advancement wider sources of information, more varied per 


onal associations, broader stimulation to achievement and less 


formal contacts with their seniors than they usually find in 


their daily jobs. They also need earlier outlets for their organi 


zation and executive abilities 
scale like the 


much 


something on a pilot plant 


campus activities of college life. They can gain 


from outside recognition, As men mature they come 


to value professional rewards — friendships, recognition, re 


ponsibility, pride in belonging, evidences of distinction, etc. 


no less and often more than money rewards. These are 


the durable satisfactions of life 
The engineer. in a society based largely on group relations, 
needs his profession to safeguard his occupational and eco 
nomic welfare. He needs protection against unethical competi 
tion, against indiscriminate use of the title “engineer.” and 
against all influences which might undermine public confi 
dence in his integrity and competence. He needs protection 
against tho e who assume that he is “just another employee” 
and against sub-professional groups seeking to act for engi 
neers in the process of collective bargaining. He needs pro- 
tection against the levelling influences of unionism and of civil 
service. He needs the benefits of prestige built up through 
group publicity. He needs a collective instrument for shaping 
public policy in the realm of his responsibility. It is true that 
a professional organization is primarily a moral agency and 
not in itself an economic or political pressure group, but in 
moral agencies are the more 


the long run powerful and 


enduring 
ds his profession because of his stake in the 
knowledge and technical skill. Who has a 
and who stands to gain more through pooling of 
effort? The anc 


The engineer net 
advancement of 
larger stake 


ents washed occasional nuggets of useful 


knowledge out of the gravel of common experience by individ- 
ual placer mining, but science began to get on only when men 
organized agencies to collect, preserve and disseminate knowl 
the hidden veins systematically. Otherwise 


edge and to mine 


there would be no profession of engineering. Industrial re 


search, invention and the patent system, with all their incal 
culable benefits, tend to canalize knowledge and know-how in 
restricted channels. The general interest and professional ad- 
vancement alike require that the reservoir of free knowledge, 
untrammelled research, be constantly 


stored by centuries of 


renewed. Few engineers can do much about it alone. Collec 


tively their capacity to advance knowledge is beyond calcu 
lation 


Most of 


base. If one insists on being a Philistine, it can easily be 


all that has been set down above has an idealistic 


brushed aside with a “So what?” Some consider this the natural 
reaction of a man who day by day must give hardheaded an 


“Will it work?” and “Will it pay?”, 


ind whose work leaves no room for wishful thinking. But look 


swers to the questions 


for a moment under the surface. By common consent, the 


quality most universal and indispensable among engineers is 
this is essentially idealistic. 


ntegrity something moral or 


Ranking almost equal with integrity is devotion to duty; given 


I ee 





a job, an engineer will see it through, come hell or high water 
and so on through the whole catalog of the engineer's distin: 
Why 
policing his efforts? Or a 


Because a boss or a time-clock is 
him? Or 


hoped-for applause urges him on? Well, hardly! Because he 


tive virtues is he so? 


money incentive drives 
has had a soldier-like training and indoctrination? In some 
small measure. Because he has a tradition to uphold ? Yes, no 
doubt. Or is it because of something within himself to which 
he dare not be disloyal, and a faith between himself and his 
colleagues — unspoken perhaps — which he dare not betray ? 

In matters of social concern is the engineer just a mate 
rialist, promising to save civilization by flooding it with gad 
gets? No more than other men who bear high responsibilities 
in the industrial order. He is not only an engineer but a citi 
zen, not only an individual but one of a corporate group with 
a major contribution to make to the common good. Naturally 
he has a concern that the prevailing social attitudes and public 
policies shall favor rather than hinder that contribution. Amid 
the present Babel of economic confusion he has a message to 
proclaim in clear and ringing terms that our economic ills 
eannot be solved by division until they are first solved by mul 
tiplication, that the creation of wealth in a democracy is the 
job of free enterprise, and that the public has a far greater 
stake in stimulating technical progress than in policing prices 
and profits. The dimensions of this issue are no longer na 
tional, they are world-wide. Shall the engineer raise his voice 
from an individualistic soapbox, or through the amplifier of 
professional organization / 

Millions of individual, unrelated efforts will not add up to 
the future that invites our profession. This is no time for engi 
neers to wrap themselves in the mantle of isolation; let us get 


together and be about our common business. 


A Look Ahead 


Let us risk a look into the next 50 years, which our 


present 
student engineers are to share in shaping. The climax of man’s 


shift 


chines, to make material abundance available to all 


effort to subdue nature, to labor from muscles to ma 
and to 
extend a high civilization into the backward areas of the world 
may well fall within their lifetime. After that, perhaps human 
interest may shift from work to leisure, from production to 
enjoyment, from economic progress to « ulture and from indus 


Who knows? 


inevitable that industry 


In the meantime, however, it seems 


will be 


try to art. 
extended on worldwide line 
production will grow more scientific, research will expand, and 
engineers will multiply accordingly 

Engineers will find their way into every field where scienc« 
needs to be practically applied, cost counted, returns pre 
dicted, and work organized systematically. They will be called 
upon to share the control of disease with physicians, the con 
trol of finance with bankers, the bearing of risks with under 


writers, the organizing of distribution with merchants and 


purchasing agents, the supplying of food with packers and 
purveyors, the raising of food with farmers, and the operation 
of the home with housewives. In few of these new fields, if 
anv, will engineers be self-sufficient; to be useful they must b: 
— 


teamworkers; and they must be prepared to deal with 


and their ways,” no less than “things and their forces 
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The engineering profession, it seems equally evident, will 


ear much heavier responsibilities in civic and economic af 
afford to 


skilled technicians or a free-for-all alumni association 


fairs. It cannot become either a narrow caste of 


highly 


of engineering graduates. It will probably never be able to 


define its boundaries precisely, nor become exclusively a legal 


caste, nor fix a uniform code of educational qualifications. 


Its leaders will receive higher rewards and wider acclaim. The 


rank and file will probably multiply more rapidly than the 


elite, and rise in the economic scale to only a moderate degree 


Phe engineer's job will be so varied, and will change so fast 


ind his tools will so increase in variety and refinement with 


the advance of science, that no engineer can hope to get a once 
ind-for-all education in advance 
We should cease to think of education as a juvenile episode 
We should expect to re-educate engineers either continuously 
or at intervals throughout their active careers. Once the needed 
of after-college education are provided in ample degree 
ngineering « ollege s could broaden the scientific and 
humanistic bases of their curricula, cut down on early speciali 
overcrowded schedules, independent 


zation, relieve inspire 


ork and show the world the best balanced and best integrated 


of all modern disciplines 


Competence and Culture 


Ihere are undoubtedly some who feel that the cultural and 


spiritual interests of society are menaced by a greater domi- 
nance of technological education. | am unable to share these 
fears. We of the engineering schools have no quarrel with lib 
eral education. We recognize that there are great numbers o 
late 


first 


oung people whose career purposes come to a toc us 


ather than early in adolescence and who do well to lay 


their foundations of culture and social understanding before 


ittempting to build up some spe ial competence, We believe. 


wowever, that there are great many more young people than 
ire now provided for whose career aims can be brought to a 


in the secondary period and who will do best to lay 


focus late 
hrst the foundations of competence, then to erect on them a 
iperstructure of social understanding and personal partici 
we were to criticize the tradi- 


pation in cultural activity. If 


tional emphasis of the liberal arts, we should do so on the 


ground that the preservation and advancement of culture and 

ial ideals, except for certain highly trained specialists, are 
not the obligation of a spe ial elite in today’s society, but one 
which rests equally on men and women in all occupations and 
ocial groups 


We are 


pe. Culture is to us not a form of professional interest, not 


not indifferent to culture, save that of the dilettante 
the fruit of any form of pose or academic exposure, but the 


fruit of spontaneous activity which all may share on an ama 
that second mile which lies beyond the compul 
economic occupation. Expressional activities 
writing, speaking dramatics, and the arts of 
the reading of books, are flourishing on many 
gineering campus today quite as vigorously as in many a 
liberal college. [If destiny is to make our technologi 


responsible in the future for a major stem of 
and not merely for some of its specialized 
shall give a good account of our 


ee Rr 2 


faith that we 
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FINANCING TRANSACTIONS 

OF THE PETROLEUM INDUSTRY 
in 

1949 


The purpose of this report is to present the results of a sur 
vey of the financing undertaken during the year 1949 in the 
United States and in Canada by a selected group of companies 
engaged in the petroleum industry. The data were derived 
principally from published sources, which determined the 
selection of the companies included in this study. 

The transactions entered into by the various groups of com 
panies amounted to 868 million dollars in 1949 compared 
with 1,167 million dollars in 1948. These gross funds were 
derived by the companies through borrowings and sales of 


equity capital, as summarized in the following table 


1949 


Million Dol 
30 Ohi Companies 610 
Other Oil Companies “4 258 


ROS 


Total 


An analysis of the financing undertaken by the participating 


groups of companies in 1948 and 1949 is presented in the 


following table: 


Od Other Onl 


Companies Companies 


Milhon Dollars 
Year 1948 

Borrowings 
Preferred Stock Issued 
Common Stock Issued 


is2 
48 
M4 


Total 534 


Year 1949 
Borrowings 
Preferred Stock Issued 
Common Stock Issued 


258 
0 
0 


Total 258 


[he source of the borrowings, aggregating 999 miilior 
lars in 1948 and 843 million dollars in 1949, was from 
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by 
JOSEPH E. POGUE 
and 
FREDERICK G. COQUERON 
Petroleum Department 
The Chase National Bank 


Table I 
lransactions By Oil Companies 
Year 1949 


Financing 


Preferred Common 
Borrowings Stock Stock Combined 
Thousand Dollars 
npanies 

Atlantic Refir 700 0 
40,000 0 
5,000 0 
Pacific Western O 15,000 0 
Phillips Petroleur 20,000 0 
Plymouth © 9,030 0 
Richfield Oh 25,000 0 
5,000° 0 
500 0 
57 500 0 
296,100 0 
12,000 0 
40,000 0 
40,000 0 


Barnsdall Oil 


584,830 


0 
t 0 
n ! 0 
Douglas ( 0 
( e Line ! 0 
0 
0 
0 
oO 
0 
0 
0 8,000 
0 5,000 
0 15,000 
0° 45,000 
0 21,000 


Crown Central Petrole 


0 258,312 


24,747 867 880 


lated subsidiary companies (see Table 2 
row 50,000 thousand dollars from insurance company, 5,000 
" 5,000 thousand collars in 1950. 
Texas Pipe Line borrowe« *) thousand dollars in 1948 and 20,100 thousand dollars in 
049 from hanks. The 41,500 thousand dollars outstanding at December |, 1949, were 
<rrowings 0 40,000 thousand dollars and 1,500 thousand dollars from 


repaid from new | 
wking Capita 

arranged to issue mortgage bonds, 37,000 thousand dollars in Canadian funds 

5,000 the United States funds, to insurance companies; and con 

sand dollars. (f this 89,000 thousand dollars, 17,000 

1949 and 72,000 thousand dollars will be borrowed 


wrrow 16,500 thousand dollars from banks and 33,000 thousand 
company, of which 10,800 thousand dollars were taken down in 
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Table Il lable Il 


Source of Borrowings By Oil Companies Application of Proceeds from Financing Transactions 


Year 1919 By Oil Companies 
Year 1919 
irance Pubhe 
panies* and Others 


Thousand Dollars 


15,000 
10,000 


208,800 


entral Petroleut 

Douglas Oh! 
Cireat Lakes Pipe La 
sky Oil and Refir 
Pip 


I 
‘ iy 


Aral Governn 
ance against fu 


n stock of 


Sales Corporat 


for acqu 


stions purchased 


insurance companies, and others, shown the followin 


table 


Change 
1049 from 
148 
Twenty-one anies borowed 472 million dollar 1 1949 
irom D ip of msurance compante 
fhe application of the combined proceeds of 1167 million 
dollars in 1948 and of 868 million dollars in 1949, resulting 
from the financing undertaken by the companies, Is summat 
In addition to the financing by the companies included in zed below 
this survey, several foreign companies initiated programs in 
1949 for raising funds in countries other than the United States 
and Canada. Bank loans were also made to a number of ind 
viduals and private corporations engaged in the petroleun 
industry for the purpose of financing the development of oil 
properties and the acquisition of assets. 
The distribution of bank loans of 164 million dollars 
1949 between “New York” and “Out-of-Town” banks is pre 


sented below 
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Southwest Texas Section Activities 


By Harry D. Vaughan 


The Section met on January 11} at the 
Driscoll Hotel in Corpus Christi to hear 
L. E. Elkins, Chairman of the Petro- 
leum Branch, speak on “The Signifi- 
cance of Reservoir Engineering i 
Pumpers Language.” 

During the business meeting prece 
ing the address by Elkins, 1950 officers 
and directors were installed. They are 
Rg. -€ chairman; D. A. 
Davidson, vice-chairman; Lee J. Thron- 
retary-treasurer; R. J. Bethan- 
court, F. H. Dotterwich, J. B. 
Houston Parish, E. C. Sargent, Austen 
Shook, Charles H. Snelson. Harry D. 


Vaughan and George Wilson, directors. 


Granberry, 


son, se 


During a social session in San An- 
tonio, Lloyd Elkins asked Raoul Beth- 
ancourt, 1949 Chairman of the South- 
west Texas Section, and Houston Par- 
ish, Program Chairman, for the secrets 
behind the high attendance at our reg- 
ular monthly meetings in Corpus Chris- 
ti. Bethancourt stated that papers re- 
lating to present drilling and produc- 
tion practices brought the members and 


associates out in droves, whereas highly 


The newly elected 1950 directors are, from L to R, Houston 
Parish, George Wilson, F. J. Hebert, Austen Shook, Harry 


D. Vaughan, and Raoul Bethancourt. 
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technical reservoir engineering papers 


kept them away in droves. Elkins, being 
in a very expansive mood brought on 
by the apparent success of the San An 


could 


engineering 


tonio meeting boasted that he 


give a complete reservoir 


Elkins, chairman of the 
Petroleum Branch for 1949 and speak- 


Lloyd E. 


er at the January meeting. Elkins is 
affiliated with Stanolind in Tulsa. 





paper without using intricate formulae 


and equations and deliver it in pumper’s 


language. Houston Parish, like the well- 
known cat, did not let his quarry back 
in the hole but immediately pounced, 
proclaiming, “Lleyd, you have just 
made a date to speak in Corpus Christi.” 
Just how well Elkins fulfilled his boast 
can be attested by the picture and three 
column spread the local newspaper 
gave the January meeting to chalk up 
AIM 


a new high in Corpus Christi 


public ity. 

Elkins spoke first as Chairman of the 
Petroleum Branch, resume 
of AIME highlights, commended the 
Southwest Texas Section for its enthusi- 


giving a 


asm and large attendance, and the high 
standard of programs offered at the 


meetings. He especially praised the 
section for its work as host to the Na- 
Branch meeting in 


tional Petroleum 


San Antonio last fall. 
Using colored slides, Elkins graphic- 
ally illustrated oil accumulations in va- 


rious types of reservoirs, what consti 


Continued on Page 40 


Above are pictured the 1950 officers of the Southwest 
Texas Section. From L to R, they are R. C. Granberry, Sec- 
tion chairman; Lee J. Thronson, secretary-treasurer; and 


D. A. Davidson, Jr., vice-chairman. 
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R. H. Rantala, division development 
geologist for the Pure Oil Co. in Fort 
Worth, was speaker for the January 
meeting. His address was entitled 
“The Van Oil Field after Twenty 
Years.” 


The meeting of the East 
Texas Section was held in the Kilgore 
Hotel After dinnet 
newly Phil J. Lehn 
hard announced that the following com 


had for the 


January 


on January 10 
elected Chairman 


inittees been appointed 
vear 

Program, Harvey MeArthur. Mitchell 
Stark, Jack Mevers, Forest Oldham: en 
Mavs, Joe Coffield, 
membership, C. O Hop 
per, H. L. Kirkpatrick, C. N. Hunt 
Rob D. Trimble; publicity, P. G. Bur 
Jack Moore; Riley Au 
F. W. Nussbaumer 
Lehnhard 
to their 


tertainment, W. R. 


R. E. Powers; 


nett, auditing 
com 


Chairman questioned the 


members as interest in a pro 


posed spec ial study group It was sug 


gested that meetings of such a group 
regular meet 
ings and covet Morris 
Muskat’s new book “Physical Principles 
of Oil the 
idea was very enthusiastic 

RK. Hu 
geologist 
Worth, 


be held at the close of the 
material such as 


Production’ Response to 
Rantala, division development 
for The Pure Ojl Co. Fort 
the speaker of the 


Was guest 
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East Texas Section Activities 


By Peter G. Burnett 


and 
Field 


reviewed the hist 


evening 
Van Oil 
Rantala 
Van oil field 
1929 


presented a talk 
after Twenty 
which was dis 


October and was the 
held to be developed and 
der unit control, A 


talk follows 


Woodrow W. Leonard, district man- 
ager of tubular sales, Continental Sup- 
ply Co., Shreveport, is the newly 
elected vice-chairman of the East 
Texas Section 


Van Field 
The Van 
dome structure 
East Texas Woodbine 
Woodbine 
October 


held 

ot ne 
from the 
discovered on 
discovery well 

flowed oil from the W 
R. W. Mellvain 


vice-president of The 


the 
tion 
immediately outlined a 
operation tor the ompani 
leaves in the irea W 
thought to be productive 
1. 1929, Van Joint Acco 
lished and since that 
within the unitized are 
veloped and operate 


Co. tor the cour 
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his 


mum recovery of oil at 


companies has permitted maxi 
i minimum cost 


drilling 


outside 


has discouraged needless 


held. 


ind 
in the Some of the lease 
of the unitized area are productive and 


these are operated by the individual 


companies holding these leases 
The Woodbine formation can 


vided into two members in the 
field. The 


Lewisville member, is mostly shale with 


upper member which ts the 


lenticular sands and shaly sands de 


in thickness and 


veloped throughout the varies 


from 240 to 285 feet 


is composed of approximately 30° pet 


cent sand. Most of the sands are fairly 
considerable amounts of 


rhe 


and in 


dirty and have 


ashy material in them sands vary 


greatly in the thickne areal 


extent and their correlation is increas 


ingly difficult because of the excessive 


Continued on Page 28 


Peter G. Burnett, reservoir engineer 
Stanolind’s East Texas Listrict 
ffice, is the new JOURNAL secretary 
for the Section. After two years at 
Yale University’s Sheffield Scientific 
School, he transferred to the Colorado 
School of Mines, where he received a 
degree in petroleum engineering in 
1943. Entering the Navy after gradua- 
tion, he served in the Pacific area. 
Upon discharge from the Navy in 
1946, Burnett joined Stanolind’s pro- 
ducing department. 


tor 
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Junior Group Activities 
Pacific Petroleum Chapter 


By Harold E. Nissen 


The initial meeting of the year was wells tapping a reservoir, which offer 
opened by the newly elected chairman, an extreme from the 1920's when the 
Norman B. Clark, who introduced the emphasis was oil wells only 
program chairman and the secretary There are two phases to the problem; 
for 1950, 1. A. Marshall, Jr.. and Har- one is economic and the other is physi 
old E. Nissen. He then turned the meet cal. Some reservoir analysts consider 
ing ever to the program chairman who only the physical aspects, however, the 
introduced the speaker of the evening, major problem of production is not 
N. Van Wingen. maximum volume, but greatest profit 

Van Wingen, who was formerly chief Thus the operator's interest is at vari 
evaluation engineer for the Richfield ance with the royalty owner or the peo 
Oil Corp., and more recently a profes ple. Competition on offset leases or 
sor of petroleum engineering at the lease requirements may simplify the 
University of Oklahoma, is now vice- spacing problem as well as dictate the 
president of Petroleum Technologists, spacing. State laws may make it easy 
a group of consultants doing core analvy- for an operator and also cause much 
SIS, production re earch, and reservoir controversy as in the Mid-Continent at 
engineering. He opened his talk by em- the present time 
phasizing that well spacing is a difh- The economics involved in the spac ? i } : 

N. Van Wingen, vice-president of 
cult and controversial problem and one ing problem are simple and straight Petroleum Technologists, Inc., dis- 
cussed “Well Spacing” at meeting of 


of the major ones yet unsolved by the forward. It is obvious that an operator 
the Junior Group on January 12. 


oil producing industry. It is also a very can not drill as many wells for a given 
fundamental problem in that it greatly thickness of pay to 10,000 ft as to 300 
affects profit. The present group of ft. The factors involved are: develop 
young reservoir engineers tend to over ment cost. operating costs, royalties 


look the “straws”. or the number of Continued on Page 40 


7 ~e@ » 4 ; ‘ 9 
Three of those who attended the meeting on January 12 Other members and thelr guests ase, trem 1 te 8, W. 3. 


are, from L to R. George Brown, O. E. Jackson, and James 
G. Creed. Allen, R. Green, H. F. Danberg, O. Dale and D. Mallory. 
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San Joaquin Valley Section Activities 
Pacific Petroleum Chapter 


By C. L. Doyle 


“Evaluation of Zonal Damage” was reservoir pressure, and the completion 
the subject of a talk by Norris John- effectiveness. 
ston at the Buckhorn Ranchhouse in 
Taft, January 19, 1950, where 67 mem- Mechanics of Zonal Damage 
bers and guests had gathered for the In drilling a well through an oil pro 


second meeting of the San Joaquin Val ducing horizon, by any conventional 


ley Section. means, fluid is injected into the produc 

In his talk Johnston stressed that ing zone, as the pressure inside the 
maximum ultimate recovery from an oil borehole must always be maintained 
reservoir depends mainly on efficient greater than that of the zone. For dis 
utilization of reservoir energy and upon cussion the area around the borehok 
maintenance of high productivity in was divided into four regions, (1) the 
dices. Main factors affecting the PI are undisturbed reservoir region, (2) the 
the reservoir mobility (the ratio of the filtrate invasion region, (3) the particle 
effective reservoir permeability and the invasion region, and (4) mud cake re 


oil viscosity), the sand thickness, the gion. 


Norris Johnston, above, spoke on “Evaluation of Zonal Damage” at the Janu- 
ary meeting of the San Joaquin Valley Section. Johnston has a background of 15 
years experience in production research and core analysis in the petroleum 
industry. He holds a B.S. and M.S. degree from MIT and a Ph.D. in physics from 
CIT. Since 1947 Johnston has been in consulting practice and is presently the 
president of Petroleum Technologists, Inc. 
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The reservoir region can only be af 
fected indirectly by maintaining pres- 
sure and conserving gas energy which 
will keep the oil viscosity low and res- 
ervoir mobility high. 

The filtrate region may suffer damage 
by interaction of the filtrate and clay 
minerals in the sand, causing swelling 
of the clays and reducing effective per- 
meability. Filtrates may also loosen 
sand or mineral particles, allowing 
them to move and so plug some of the 
flow channels. 

The particle invasion region suffers 
all the damage of the filtrate region but 
in addition the mud particles injected 
into the area may greatly aggregate the 
plugging action by moving solids. 

The mud cake because of its very 
low permeability will reduce the PI of 
a well if not removed prior to or during 
completion of a well. The mud cake 
may effectively close a large portion of 
the perforations by a “cheese grater” 
action during the running of the liner. 

It was pointed out that all the above 
regions mentioned are in series in a 
producing well and reduction in mobil- 
ity in any one of these regions results 
in lower well productivity and lower 


ultimate recovery. 


Quantitative Considerations 


Calculations from Darcy's Law show 
a reduction in permeability by zone 
damage for as little as 1 in. to 3 in. 
around the well bore results in a sharp 
reduction in productivity. In the tighter 
ands the permeability may be reduced 
near zero resulting in very poor drain- 
age and loss of recoverable oil. 

The collection of core data for the 
purpose of determining the best devel 
opment techniques shows an attractive 
payout. The universal use of the cur 
rently known techniques to reduce zone 
damage to a minimum could, in Cal 
ifornia, increase the recoverable oil as 
much as 10 per cent. x * * 
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Mississippi Sub Section Activities 


By Sam J. Poythress, Jr. 


Officers for 1950 were elected by the treasurer; Sam Poythress, Gulf, Laurel 
Mississippi Sub Section at a dinner JouRNAL secretary; R. E. France, Cal 
meeting held in the Rumpus Room of ifornia Co., Natchez, board member 
the Gulf Building in Laurel, January Dave Harrell, Sun Oil Co., Jackso 
27. board member; W. W. Ramseur, Gulf 
Laurel, board member ; John Kiser 
Lane Wells Co., Natchez, board mem 
ber; and Jack Jackson, Sun, Brook 


Following a buffet dinner, the busi- 
ness meeting was presided over by R. E. 


France. California Co., Natchez, outgo- 
ing chairman haven, board member 
The nominating committee announced France then turned the meeting over 
a change in the slate of candidates as a to Harold Leeton, whe welcomed the 
many visitors and introduced Frank 
Kokech. Schlumberger Well Surveying 


Co., who is to re place Arthur Herrald 


replacement had to be found for J. D. 
Lowrie, National Tank Co., Brookhaven, 
who has been transferred out of this 


area. As there were no nominations Mississippi manager with offices at 


from the floor, the nominations were Jackson. Herrald is being transferred 


closed and tie following officers were to the Schlumberger laboratories at 
elected: H. B. Leeton, Gulf Ref. Co., Ridgefield, Conn 

Laurel, chairman; J. K. Wright, State The featured speaker was R. C 
Oil and Gas Board, Jackson, first vice- Lewis, manager of the Caliper Divi 
chairman; Leo Hines, California Co., sion of Tuboscope Co., Houston, who 
Natchez, second vice-chairman; W. D. explained and demonstrated the work 


Clift, Humble, Laurel, secretary and ings of the various instruments used 


by his company. He gave the his- 
tory of the formation of the company 
which started with the development of 
an instrument for the optical inspection 
of the interior of pipe or tubing and 
finally led to the perfection of the 
Sonoscope which has been in use for 
nine months. 

Douglas Aldrich, electrical engineer 
for the company, explained the princi- 
ples and techniques utilized in the 
Sonoscope which at present is used only 
for the inspection of drill pipe at the 
surtace 

\fter numerous questions on the op- 
erations of the equipment were an- 
swered the Sonoscope was demonstrated 
by inspecting a joint of rejected drill 
stem. 

At the close of the business session it 
was announced that the next meeting 
would be held in Natchez, in approxi- 
mately two months. x * 


Pictured above are the officers for 1950. From L to R, they Members watch a demonstration of Sonoflux magnetic 


are W. W. Ramseur, board member, Gulf, Laurel; John 
Kiser, board member, Lane Wells, Natchez; R. E. France, 


particle inspection of small parts. L to R are W. A. Fox, 


outgoing chairman, board member, California Co., Natchez; Tuboscope; Red Martin, Martin Well Service; Talmadge 


H. B. Leeton, chairman, Gulf, Laurel; J. K. Wright, first 
vice-chairman, Oil and Gas Board, Jackson; and Sam Poy- 
thress, JOURNAL secretary, Gulf, Laurel. Bradford, Gulf. 
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Crowe; Clint Lewis, Tuboscope; J. O. Crowe, Gulf; and Jack 
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PRESIDENT YOUNG TOURS PETROLEUM AREA 


Carrying out the custom of touring 
Local Sections in the Petroleum Branch, 
AIME President L. F 


four local sections and two student 


Young visited 


chapters in this area during the week 


of January 9 to 16. 


The first event of his trip was a flight 
over offshore operations near the Mis 
sissippi Delta on January 9. Taking off 
in the morning in a Catalina plane fur 
nished by the California Co., the route 
traversed down the east side of the 
Delta to Main Pass, thence to Tiger 
Pass, Grand Isle and Bay Marchand 
The party for the trip included Presi 
dent Young, Joe Alford of the AIME 
Dallas staff, Fred E 
man of the Delta Section, E. N. Dun 


lap, immediate past chairman, and Roy 


Simmons, chair 


Dwyer of the California Co., who acted 
as hosts, and Z. W. Bartlett of | reeport 
Sulphur Co. George DeMetz piloted the 


plane 


Landing at Baton Rouge, the group 
joined Benjamin C. Craft and his staff 
of the Petroleum Engineering Depart 
ment of Louisiana State University for 
Young 


lunch, after which President 


spoke to approximately 150 petroleum 


Hosts for President Young's visit to Houston on January 10, during 


mard, E. L. 
Fraser, plant superintendent; L. 








President Young exemplifies a 
lifetime membership in AIME, hav- 
ing joined in 1901, the year after his 
graduation from Penn State. He has 
been active in all of these 49 years, 
has written many technical papers, 
and has served the Institute in a 
great many capacities. He is our 
seventieth president, and has known 
fifty of his predecessors personally 

During his year as president he 
has appeared before 37 Student 
Chapters and 35 Local Sections of 
the Institute, and has made 19 ap- 
pearances elsewhere in his official 
capacity as president. He has trav 
elled a good many thousand miles in 
doing this, and has spent several 
thousand dollars of his personal 
funds. He has rendered an exem 
plary service to the AIME, and the 
Petroleum Branch joins in the thanks 
and applause being extended to him. 


THE EDITOR 








Scott Kraemer, field engineer for Stanolind, operators of the plant and field 


Saran tu ss 
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-tudent at 
s talk there 


he emphasized the necessity for a young 


engineering and geolog 


tending the University. In 


engineer to get held experience ¢ arly 
in his professional life. Also. he stated 
that he believes four factors are re=pr 


{ 


sible for the current dominance 


American industry: (1) dynamic lead 


ership: 2) venture capital in our tree 
enterprise (3) cooperation of labor 
ind management; and (4) efficiency of 


top administration 


President Young travelled next 


Houston where ke visited the Guif 


A trip to Hastings field 


near Houston, was made through the 


Coast Section 


courtesy of Stanolind Oil and Gas Co 
operators of the Hastings natural gaso 
line plant and producers of approxi 
mately 500 wells in the field. R \ 


Fraser, superintendent of tke plant 
conducted the group through the ex 
traction facilities while R ard Darl 


ind Scott Krae 


showed the party 


ng. district engineer 
mer. held engineer 
through the Hastings field 

Phe executive committee of the Gulf 
Coast Section entertained President 


Young at a luncheon on January 10, 


r a trip through Hastings field. L to R: A. G. Guey- 
Petree, and Owen Thornton, secretary, chairman and director respectively of the Gulf Coast Section; R. A. 


E. Young; Tom Borland, activities chairman; Richard Darling, district engineer; and 
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225 before the Sections vis free medical care. In 1943 the labor 


and then he spoke before 225 members In his talks 
of the Section at their annual banquet ited, Young reported on how socialism government nationalized the Bank of 
that evening at the Houston Club. Hosts has been working out in the laboratorie New Zealand, the principal trading 
for Young during his visit to Houston of the world where it exists, namely bank, and it assumed authority to es- 
were E. L. Petree, Section chairman, New Zealand, Australia, and Great tablish a state oil company. On Novem- 


Owen Thornton, director, Tom Borland, Britain. He emphasized that the engi ber 30, 1949, the labor party was de- 


chairman of the Activities Committee, neer is vitally concerned with the prog feated at the polls, but this does not 


\. G. Gueymard, secretary-treasurer, ress of socialism in its replacement o mean a repudiation of the welfare state, 


and J. FE. Kastrop. JourNAL Secretary. the free enterprise system. He directed as both parties stand for essentially the 


Going next to Texas A&M. he was attention to the December 17 issu of same thing. 


welcomed by Harold Vance and _ his Business Week, which outlined the fol \ustralia has had similar experience, 


staff of the Petroleum Engineering De lowing factors as being the three basic but socialization has not extended quite 


partment, taken to lunch in one of the elements of socialism as far there. Bank nationalization was 


student mess halls, and conducted 1. Welfare State government guat overruled by the courts, and in general, 


their system is tending toward a middle 


through the A&M system. Following antees of economic security to all citi 
this he spoke before more than 100 zens plus a redistribution of wealth course between socialism and free en- 


junior and senior petroleum engineer both via taxation lerprise 


ing students. 2. Planning overnment direction Great Britain has gone much further. 


Traveling to Dallas, Young spoke on and control over production and plan She has nationalized about 25 per cent 


the evening of January 11 to the North ning. of her economic processes, but has 


Texas Section. In addition to his ad 3. Nationalization public ownership socialized nearly the entire economic 


dress, the annual election of officers was and operation of basic industries system. The following basic industries 


held by the Section at that meeting. > , have been nationalized: 1——The Bank 
= Reporting first on New Zealand : : 
of England; 2—-Cables and Wireless; 


Young outlined the advance of social - > 
. 3—Civil Aviation; 4—Transport; 5 
ism since tl DOr arty came to power . e 
“is P " P Coal Mines; 6—Electricity; 7—Gas In- 
935. This adv ‘ 3 ss ‘ 
in 1935. 7 ince includes passin dustry: and 8—Medical Services. 


of economic and social legislation, na 


Nominating Committee Chairman 
Charles Carpenter presented the com- 
mittee’s nominations for new officers. 
and all candidates named were elected 
by ballot. Roeland Gouldy, Bridwell Oil 
Co., Wichita Fallas, was elected chair tionalization of th serve Bank, pen these nationalized industries are not 


Young stated evidence shows that 


man: vice-chairmen selected were Wil sions, extentions of governmental fun elf supporting, but socialism is strong 
liam EK. Stiles, Core Laboratories, Inc.. tions and national development pro vecause such a large portion of the 
Dallas Patrick Reardon, Gulf Oil ects. Included also are guaranteed farm population takes part in the social serv- 
Corp.. Fort Worth, and R. G. Parker. prices, wage compulsory unionism ice programs. a 
Continental Oil Co.. Wichita Falls. Sam 
DeWitt, Seaboard Oil Co., Dallas, was 
elected secretary-treasurer. 

Directors named for 1950 were retir 
ng chairman Don L. Harlan, The Texas 
o.. Fort Worth: Jack A. Crichton, De 

Golver and MacNaughton, Dallas; War- 
ren J. Jackson. Lane-Wells Co., Dallas: 
Charles H. Pishny, Cummins, Berger & 
Pishny, Fort Worth; John R. Evans, 
Stanolind Oil and Gas Co., Fort Worth; 
ind 1. E. Curtis, Hull-Silk Engineering 
Committee, Wichita Falls. 

After a visit to Carlsbad, New Mex- 
ico, and the El Paso Metals Section 
Young began the return route east from 
his three weeks’ trip by stopping in 
Lubbock to speak before the new South 
Plains Sub Section of the Permian 
Basin Section. Hosts for his visit: in 
Lubbock were Walter D. Powers, Sec- 
tion chairman, R. M. Liebrock. vice 
chairman, William Ducker and Paul 
Johnston. Petroleum Engineering De- s 
Officers and directors of the North Texas Section elected January 11. Back 
partment of Texas Tech, and Riley — Row, L to R: Jack A. Crichton, Don L. Harlan, L. E. Curtis, and Warren J. Jack- 
Carelton, president of the AIME Stu son, all directors; and Sam DeWitt, secretary-treasurer. Front Row, L to R: 

Patrick Reardon and William E. Stiles, vice-chairmen; Roland Gouldy, chair- 
dent Chapter at Tech. man, and R. G. Parker, vice-chairman. 
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The evening of December 7, 1949, 
marked the annual meeting and elec 
tion of officers of the Kansas Section 
A buffet dinner was served to the sixty 
engineers and members, 
same time two student helpers from 
Wichita 
passing out ballots, collecting the bal- 


University acted as tellers, 
lots, scoring, and passing the results on 
to the retiring chairman 

Results of the election are as follows 

Chairman, W. F. Brown, Dowell, Inc 
Wichita; vice-chairman, Fred Kluck, 
Ohio Oil Co., Eureka; vice-chairman, 
W. R. Warren, Stanolind Oil and Gas 
Co., Ellinwood; vice-chairman, P. T. 
Amstutz & Yates, Wichita; 


Amstutz, Jr., 
secretary-treasurer, Louis G 
bart, Schlumberger, Wichita; directors 
Carl Temple, Sohio Petroleum Co., In- 
dependence; Herbert Roberson, Dowell, 
Inc., Great Bend; and Lester Wilkon 
Wich 


son, Sunflower Natural Gas Co 


ita 





Above are the newly-elected officers of the Kansas Section 
standing, are Louis Chombart, secretary-treasurer 


while at the 


Kansas Section 
Activities 


By V. J. Mercier 


Other members of the Executive 
Committee of the Kansas Section who 
were not subject to election at this time 
are: Charles F. Weinaug, University of 
Kansas; Paul Witherspoon, University 
of Kansas; and V. J. Mercier, Moun 
tain Iron and Supply Co., Wichita 


With the announcement of the ele 
tion J. V. Mercier presented W k 
Brown a gavel as his badge of office 
Brown acknowledged the presentation 
and accepted his election to the office 
of chairman of the Kansas Section with 
a short but forceful talk 

On conclusion of the Section business 
the speaker of the evening, Tom Orr 
Kansas 


Independent Oil and Gas Association, 


the executive secretary of the 


was introduced 
“Whose Business Is 


This”, was a frank discussion of the 


Orr’s subject 


Hoover Commission Report, the Com 
missions findings, and the failure of our 


legislatures to do anything about the 





From L to R, 
Fred Kluck, vice-chairman; 


W. R. Warren, vice chairman; and Carl Temple, director. Seated are P. T. Am- 
stutz, Jr., vice-chairman; V. J. Mercier, retiring chairman and Section delegate; 


and W. F. Brown, chairman. 
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ineficiencies and duplications within 
our over-bureaucratic government 

The talk covered briefly many of the 
more flagrant violations of good busi 
ness sense by various government bu 
reaus, and in answer to the question as 
to what could be done about it, Orr 
cited the action taken by the Junior 
Chamber of Commerce. The Jaycee’s 
have had as their number one objective 
the public acceptance of the findings of 
the Hoover Commission. 

Orr was very well received, and his 
speech will be reviewed more thorough 
ly following the AIME Annual Meeting 
in New York, where he is a principal 
speaker x * * 


Gulf Coast Study 
Group Meets 
By J. S. Levine 


\ group of approximately sixty peo 
ple attended the second monthly meet 
ing of the Gulf Coast Section Reservoir 
Engineering Study Group at the Shell 
Research Laboratory in Houston on the 
evening of January 12. Co-chairman W 
R. Purcell opened the meeting and then 
introduced J. R. Welsh of the Humble 
Oil and Ref. Co. who discussed the ad 
justment of sample data obtained from 
laboratory PVT analysis in order to 
make the data useful for reservoir cal 
culations. Welsh pointed out why lab 
oratory data could not, in general, bx 
used without correction and adjustment 
and then presented a problem illustrat 
ing a method for converting sub-surface 
sample data taken at a saturation pre 
sure of 3390 psi to equivalent data at 
a saturation pressure of 3775 psi. By 
means of various figures and tables 
the speaker outlined a procedure for 
adjusting differential liberation, flash 
liberation, and pressure-volume-temper 
ature data. Following the formal pres 
entation, J. W. Walker of the Shell 
Oil Co. led the group in an informal 
discussion during which time questions 
were asked and other ideas presented 
by various members of the audience. 

Prior to the close of the meeting, Pur 
cell announced that future meetings 
would be held on the second Thursday 


of each month. 
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Pacifie Petroleum Chapter Activities 


By Milan G. Arthur 


AIME 


luncheon 


A large group attended the 
Pacific Petroleum Chapter 
meeting at the Clark Hotel, Los An- 
1950. M. D. 


Hughes, chief petroleum engineer for 


geles on January 25, 
the Long Beach Harbor Dept., and Jan 
Law, consultant, spoke on the Wilming- 
ton oil field earthquake damage and 


remedial measures. 


Dud Hughes outlined briefly the gen- 
eral phases of the problem and pointed 
out that the field operators are provid- 
ing precautions against future earth- 


quake movement without waiting for 
complete understanding of the compli- 
cated occurrences. On the basis of the 
present knowledge, much more work 
will be required to adequately under- 
stand all phases of the problem. 


Jan Law gave a very excellent discus- 
sion of the earthquake damage which 
occurred in December, 1947 and in No- 
vember, 1949 and the remedial meas- 
ures undertaken. Areas of damage to 
wells were described with the assistance 
of maps, and a number of excellent 
charts illustrated the discussion. When 
damage was first discovered in the 
course of normal operations, it was at- 
tributed to various factors including 
corrosion and also compression at a 
1600 ft. Ini- 


tially it was not known if the damage 


depth ot approximately 


was the result of gradual and continu- 
ous creep, or if it was due to movement 
occurring at one specific time. Investi- 
gation of the seismic records at Califor- 
nia Institute of Technology indicated a 
1947 which was 


shallow 


tremor in December, 
diagnosed as originating at 
Further 


bends in the casings. The 


depth. investigation indicated 
“dog leg” 
portion of the casings above approxi- 
mately 1600 ft had moved southward 
relative to that portion below. Existence 
of several fault planes were established 
and damage was found to occur at 
depths of 1600 ft and 1740 ft. 

In general, the degree of damage was 
related to the size of the annulus be- 
tween the casing and the drill hole. Of 


108 wells found to be damaged by the 
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first earthquake, approximately 50 of 
these were classified irreparably dam 
aged. The earthquake occurring on No 
vember 17, 1949 damaged wells over a 
much larger area than did the previous 
quake and this also was correlated with 
Irreparable damage 


seismic records 


was suffered by approximately 200 
wells, and in addition some 60 to 80 


wells were crippled. The center of sub 


sidence is located directly north of the 
Edison plant. Observed subsidence has 
amounted to approximately 10 ft, and 
at present the rate of subsidence is ap 
proximately 2 ft per year. It is believed 
that subsidence may be accelerating but 
that it has passed the point of peak 
acceleration. Surveys made four days 
prior and four days subsequent to the 
quake in 1949 show a surface subsi 
resulted 


bedding 


surface hori 


dence of 3 in. The damage 


from shearing action along 
planes, and associated 
zontal motion has been determined to 
be 8 ft in a transverse direction and 
5 ft in a longitudinal direction as meas 
ured from points on the outer edges of 
the elliptical basin of settling. 

formations in the 
1740 ft 


slickensiding in se¢ 


Coring of the 
nighborhood of (600 ft and 
show considerable 
tions composed predominantly of silt 


stone. This evidence indicates that the 


movement is along the planes of a dor 


mant fault which has been reactivated 


Numerou 


have been ce 


methods of completion 


nsidered in order to reduce 


damage. It believed that a flexible 


string of casing ts preferable to increa 


ing the rigidity of the casing string. In 


order to reduce damage when move 


ment occurs, it has been the practice t 


| 


enlarge the hole to 30 in. in diameter 


over approximately 200 ft of interval 


spanning the points of movement. In 


addition, an expansion joint is provided 
in the casir below the enlarged hole 


to compensate for longitudinal strain 


Experience gained with 14 wells com 
manner and where move 
1949 indi 


derable protection is al 


pleted in t! 
ment occurred in December 
cates that cor 


forded by the practice It is suspected 


JOURNAL OF PETROLEUM TECHNOLOGY 


that the enlarged holes have a definite 
effective life and that they are only ef- 
fective in preventing damage for one 
earthquake. In order to prevent caving 
of formations and elimination of the 
benefit of the enlarged hole, the annu- 
lus between the casing and the enlarged 
hole is filled with an oil base drilling 
fluid having a very high gel strength. 
This fluid is placed in the annulus 
through ports in the casing which are 
located at the base of the enlarged hole. 
Phe cost of oil bave fluid for this pur- 
pose amounts to approximately $6 per 
bbl and about one bbl of fluid is re 
quired per ft of enlarged hole. Total 
cost of these jobs amounts to approxi- 
mately $7000, of which about $1700 is 
required for oil base fluid. 
Consideration is now given to increas- 
ing the amount of enlarged hole to 800 
ft or 1000 ft. In order to prevent for- 
mation material above the 


hole 


been 


enlarged 
from caving, consideration has 
given to setting casing of con- 
siderably larger size than the inner 
casing, at the maximum depth possible 
without damage to the larger string. 
This would permit lowering the inner 
casing whenever necessary to compen- 
sate for strain and would also permit 
washing over the inner string through 
the area of movement after each shear. 
In cementing casing it has been found 
necessary to prevent cement from filling 
the enlarged hole because of high fill 
due to channeling. Methods have been 
proposed to prevent this by circulating 
mud outside the casing and through 
ports at the top of the enlarged hole, 
simultaneously with the operation of 
cementing through drill pipe. This pro- 
cedure would dilute and wash out any 
cement which may enter the enlarged 
portion of the hole. 

Considerable effort is in progress to 
determine the nature of the movement 
by mathematical approach and the use 
of computing machines to solve the 
complicated equations. The results of 
this phase of the investigation may per 
mit much more effective remedial work 
~*~ * * 
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Sixty-five members and guests at- 
tended the January meeting of the Ok- 
lahoma City Section held January 19 
at the Biltmore Hotel, and heard M. P. 
petroleum engineer of 


Well 


excellent 


Tixier, chief 


Schlumberger Surveying Corp., 


give an treatise concerning 
electrical log computation 
Waszkowski, 


man, opened the meeting with a brief 


Henry Section chair- 
description of plans for a joint meeting 
with the Tulsa Section in the spring. 
Details of this meeting will be given at 
a later date. The speaker of the eve- 
ning was introduced by Program Chair- 
man Martin Hegglund 


A digest of Tixier’s paper follows: 


Introduction 
It is a common observation that when 
ron k. 


water-saturated at the bottom and oil- 


a bore has traversed a reservoir 


bearing at the top, the resistivity shows 
a corresponding increase from bottom 


to top. In the case of a formation of 


low permeability, such as a consolidated 


sandstone, it can be further observed 


that the resistivity curve, in the transi- 


tion zone from the water table up to 


the zone of maximum oil saturation, is 


practically a straight line. In other 


words, the resistivity in the transition 


zone is a linear function of depth. This 
particular feature can be utilized in con 
nection with the data already available 
concerning the relationships between: 
saturation 


(a) resistivity and water 


(b) water saturation and capillary 
pressure 


(c) capillary pressure and perme 


ability 


in order to elaborate a method by 


which it becomes possible, in many 


cases, to ascertain with fair approxi 


mation the permeability of a given for 
mation from the electrical log 


Saurae tw lw BS 


Oklahoma City Section Activities 


By H. R. Sells 


Above are officers of the Oklahoma City Section elected for the year 1950. 
From L to R, they are Charles E. Clason, director; Lincoln F. Elkins, director; 


Martin Hegglund, first 


vice-chairman; 


Harold R. Sells, secretary-treasurer; 


C. L. Kirkman, director; and Kenneth Fink, second vice-chairman. 


Gradient of Resistivity 
Fig. 1 is an example of a log recorded 


opposite a sandstone where the water 


saturation increases progressively with 
depth; a transition zone can be seen on 
the resistivity log between points A and 
B, where the curve is close to a straight 


line. Since, in the transition zone, the 


resistivity can be regarded as a linear 


function of depth, a resistivity gradient 


may be defined as follows 

Let us call 

h the height in ft above the water 
table 

R., the true 


tion at the 


resistivity of the torma 


level h 
R the true resistivity 
tion at the level h 


The resistivity gradient 


may write 
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(1) 


R. being the true resistivity of the 
water-bearing zone. 

In the case exhibited in Fig. 
have: 

R 28 


= 0.52 


h h 18 


Another important definition is that of 
the basic resistivity gradient: 
(2) 


which is the resistivity gradient when 
R. is equal to unity. This factor will be 
used in the applications of the method 


In the above example. since R 


0.17 appr 


Applications 


In making use of various relation 


ships already studied in the industry 
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we easily obtain for consolidated sand- imately for Rocky Mountain 
stones of the Mid-Continent type: sandstones, but may be higher 


23 2 im some areas 
K =c(.- )- 
a cod ‘ basic resistivity gradient 


kK permeability in millidarcies 
G a factor that will vary with 
the porosity and lithology of 
the formation. C = 20 approx- . vecifice gravity of the forma 
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x PERMEABILITY in md + POROSITY in % 

in 2785° By =R, =28 
in B 2833* B,=3.5, R.=3 

SOR : 26- = 0.52 a: 0.52 - 0.17 

ah U8 

Salinity 200 

Oil gravity toe abe 

Average Calculated permeability 


Average laboratory permeability 


Electric Log of Layton (Oklahoma) Sand. Mud 1.5 at BHT; Hole 


- 


Diameter 7 in.; AM = 18 in.; AO = 14 ft. 
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lion water 
specie gravity of the oil in 
the sandstone 

The procedure for the determination 
of permeability is the following: The 
basic resistivity factor “a” is deduced 
from the electric log; then a suitable 
chart is chosen according to the value 
known or reasonably assumed for the 
density of connate water (dw); and a 
curve is selected in this chart corre- 
sponding to the value of the density of 
oil (do). A point corresponding to an 
abscissa equal to the value of “a” is 
marked on this curve, and the ordinate 
of this point gives the value of the per- 
meability 

rhe thickness of the transition zone 
being inversely proportional to the basic 
resistivity gradient; it results that the 
heavier the oil and the smaller the per- 
meability, the greater is this thickness. 
lables 1 and 2 give some average fig- 
ures of the values of the heights above 
the water table of points where the 
water saturations are respectively 50 
per cent and 25 per cent for different 
values of permeability and oil gravity. 
lt appears that this thickness becomes 
extremely stnall and practically un- 
noticeable on the log in the case of 
highly permeable sands saturated with 
light hydrocarbons. 

Let us furthermore remark that if 
an approximate value of Ro may be 
reasonably assumed, the depth of the 
water table can sometimes be forecast 
from the resistivity logs before the hole 
has entered it. This can be done more 
easily in thick sandstones. 


Conclusion 


The foregoing development reports 
in attempt to reach a lithological 
parameter of the rocks, iLe., permeabil 
ity, by making use of the resistivity 
measurements. The method is based on 
observed results and formulae which, 
of course, are limited in scope. It 
should be pointed out that its applica- 
tion has been so far applied only to 
fairly hemogeneous sandstones with 
negligible amounts of argillaceous ma- 
terial. Likewise, it has been assumed 
that the salinity of connate water is 
substantially the same from the top of 
the structure down to the edge water. 
\s the preceding examples show, the 


resistivity gradient is not always an 


oS ae 





: 
; 
; 
| 
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Table I 
Average Height in Ft 


a Water Saturation of 59 Per Cent in Sandstones 


(for K 20 F,’. d. 
Gravity, “A.PI. 15 
Permeability K, 

1000 29 
sO00 53 
100 


md. 


50 
10 
l 


absolutely straight line; and 


minor deflections are often noticed 


which correspond to slight variations in 
the lithology of the formation. The re- 
sults obtained with the method outlined 
in this paper must, therefore, be con- 
values related to a 


sidered as mean 


considerable volume of formation. 
These mean values are obviously ap- 


proximate, and must rather be taken 


Above Water Table to Obtain 


some 


4 verage 


for K 


(ravity 
Permeability K 


L000 


md 


100 


as orders of magnitude of the perme 


ability in a given area 

No work has yet been attempted for 
sands where the density of the oil varies 
within the structure. Furthermore, the 
resistivity gradient has not been studied 
in limestones or in partially depleted 
sands. 
above limitations a 


Because of the 


quantitative study cannot be done 


Height in Ft 


a Water Saturation of 25 Per Cent 
20 F, d, 1) 


APs. 15 


Table I 
Above Water Table to Obtain 


in Sandstones 


20 ; 30 0 50 


750 


2360 =1630 


everywhere. Nevertheless, a qualitative 
value. In 


that for 


study is of great genera 


it can be concluded a give 


hydrocarbon in a reservoir, the greater 


the (basic) resistivity gradient — the 


greater the permeability; and for 


given permeability of the formation 


the greater the (basic) resistivity gra- 
hydrocarbon 


x * * 


dient the lighter the 





East Texas Section 
Continued from Page 18 
Aver 


per 


amount of faulting in the field. 


age porosity is approximately 25 
cent and the average permeability is in 
the neighborhood of 100 millidarcies. 
rhe lower member, which is the Dex- 
ter member, is approximately 350 ft 
thick, 250 ft of which is sand and 100 
ft of which is shale. The sands are me- 
dium grained, clean sands, and in most 
cases very cemented 


poorly Average 


porosity is approximately 31 per cent 
and the average permeability for cores 
which have been recovered is approxi- 


mately 4000 millidarcies 


The Van field is complexly faulted 
xy normal faults into an intricate fault 
main fault 
550 ft to 


with a throw 


950 ft 


pattern, A 


varying trom cuts 
vcross the field in a northeast-southwest 
direction radial 
the 
main fault and have throws up to 350 


There are SiX major 


faults which radiate away from 


The first bottom-hole pressures were 


taken in 1932 and since that time the 


bottom-hole pressure curve for the Dex- 


ter wells has been a fairly uniform 
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slope, regardless of the rate of produ 


tion. This is very unusual for a water 
drive field, and indicates that some ex 
traneous influence is acting on the bot 
tom-hole pressures of the Van field. In 
1948 the bottom-hole pressure of a salt 
water injection well which is approxi 
field, 
only one pound greater than the 


hole 


wells even though the field 


mately two miles east of the was 
iver 
age shut-in bottom 


the Dexter 


pressure ot 


was producing at a 


mately 22.000 bbl a day 


rate ol approxi 
from the Dex 


Van 


field has a very small drawdown at this 


ter member. This indicates that the 


rate of production, and that the pres 
sure gradient from the oil zone into the 
water zone is so small it cannot be meas 
ured with the bottom-hole pressure in 


struments in use. It is believed that 
the pressure of the 
Woodbine 
fluid 


which are 


entire East Texas 


basin has been lowered by 


the withdrawals from the fields 


from the Wood 
effect 


producing 
bine. The preponderance of this 
has probably been caused by withdraw 
is held since the 
s held 


greater than that of any 


als from the East Tex 
water and oil production fron 


is many times 
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other field in the basin. 


lotal cumulative field production to 
July 1, 1949, is approximately 200,000,- 
000 bbl of oil. Of this, the Lewisville 
47,700,000 bbl and the 
Dexter has produced 152,300,000 bbl. 


There are 551 wells currently produc- 


has produced 


ing! 237 wells are producing from the 
Dexter and 314 are producing from the 


I ewisy ille. 


the 
and 


cored in 
the 


Six wells have been 


flooded-out portion of Dexter 


core analysis data have indicated a 


residual oil saturation of approximately 
Electric 


interstitial water saturation of 10 per 


17 per cent. logs indicate an 
cent in the non-flooded portion. Using 
90 per cent oil saturation the core anal- 
efh 
ciency to be about 80 per cent for the 
lhis 


other reservoir calculations. 


ysis data indicate the recovery 


Dexter. agrees quite well with 

Considerable discussion followed Ran- 
tala’s remarks, indicating the favorable 
manner in which the address had been 
received. Chairman Lehnhard expressed 
the Section’s appreciation to Rantala for 


his able presentation xe 
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Mid Continent Section Activities 


By H. M. Cooley 


At a meeting of the Mid-Continent 
Section Executive Committee January 
13, a date of Friday, April 28, 1950, 
was tentatively selected for the second 
annual joint meeting of the Mid-Conti- 
nent and Oklahoma Sections, to be held 
at Tulsa University. Present plans in- 
clude two regular AIME technical pa- 
pers, and two or three graduate student 
papers at the morning session, and two 
more technical programs and two or 
three undergraduate student papers at 
the afternoon session. A luncheon and 
dinner at the University cafeteria has 
been proposed, the latter to be followed 
by a speaker to be selected later. 

The following committee chairmen 
have been selected to make arrange- 
ments for the meeting: General chair- 
man, C. V. Tidwell, University of Tul- 
Cook, 
Bureau of Mines; student paper con- 
test, P. P. Manion, Jr., Stanolind Oil 
& Gas Co.; 
W. Walker, 


of the committee chairmen will select 


sa; program committee, A. B. 


general arrangements, A. 
University of Tulsa. Each 


committee members to assist with the 


work of the committees. xe 


Above, the Mid-Continent Section Executive Committee lays plans for the 
second annual joint meeting of the Mid-Continent and Oklahoma Sections on 
April 28. From L to R, standing, they are A. B. Cook, Bureau of Mines; W. L. 
Horner, Barnsdall! Oil; P. P. Manion, Jr., Stanolind; G. M. Stearns, British Amer- 
ican Producing Co.; J. J. Arps, British American Producing Co.; L. E. Elkins, 
Stanolind; Roy H. Smith, Stanolind; and A. W. Walker, University of Tulsa. 
Seated, from L to R, are John P. Hammond, Amerada; Jack A. Beesley, Baroid; 
and H. M. Cooley, Bethlehem Steel. 


Pi Epsilon Tau, Oklahoma University 
By J. W. Tucker 


Pi Epsilon Tau made another step 
toward becoming a national organiza- 
tion by installing a chapter at Louisi- 
ana State University in December, 1949. 
The initiating team was made up of 
Spencer L. Taylor, president of the 
Alpha of Oklahoma chapter; O. C. Col- 
lins, a member of the Alpha chapter; 
and Raymond G. Loper, a charter mem- 
ber of the Alpha chapter and at present 
a member of the faculty of the petro- 
leum engineering department of L.S.U. 
Plans are near completion for the in- 
stallation of a chapter at the University 
of Southern California some time early 
this year. This will bring the total num- 
ber of chapters to five. 

I'he Alpha of Oklahoma chapter held 
its regular meeting on January 11, 1950. 
Officers for the spring semester were 
elected. John Sanders was elected presi- 


dent; J. W. 


Tucker, executive vice 
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president; Alton Slaybaugh, second 
vice-president; Max Hinds, secretary- 
treasurer; O. C. Collins, corresponding 
secretary, and Ernest Dickensen, Saint 

Pat's Council representative. 
Guest speaker for the meeting was 
D. V. Carter, chief petroleum engineer 
for the Magnolia Petroleum Co., Dallas. 
Carter holds a B.A. in geology from 
Indiana University. He has worked for 
the Dominion Oil Co. and in the re- 
search department of Gulf Oil Corp. 
He organized the Mississippi Oil and 
Gas Engineering Committee in the early 

part of 1945. 

Carter's address, which was titled 
“Observations of the Oil Industry”, con- 
sisted of the speaker's opinions and 
D. V. Carter, Magnolia, Dallas, is 
shown delivering his address, “Obser- 
vations of the Petroleum Industry”, at 


the monthly meeting of Pi Epsilon 
Tau on January 11. 


advice which proved to be especially 
interesting to the student audience. 
ye 2 2 
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Robert H. Winn, speaker for the 
December 12 meeting. Since gradua- 
tion from Oklahoma A & M in 1936 
he has worked with Halliburton, ex- 
cept for three years in the Navy. He 
is now sales engineer for the Gulf 
Coast. 


Oklahoma University 
Student Activities 
By Bob True 


At the meeting of the Petroleum En- 
gineering Club on December 8 in the 
Auditorium, the students 
W. F. Cloud 


Joe Powell of the Johnson-Fagg Engi 


Engineering 
and their sponsor heard 
neering Co. of Tulsa discuss the ap 


plication of the Johnson-Fagg dyna 
mometer for weighing polish rod loads 
on pumping wells. A sample of the 
instrument was used together with thir 
ty slides to explain fully its uses and 
characteristics 

On December 20 students and faculty 
members and their families met for the 
P.E. Club Christmas party. The mem 
bers at the meeting voted unanimously 
to join the Pi Epsilon Tau, honorary 
engineering traternity, in furnishing al 
cash donation to each petroleum engi 
neering student who was a victim of 
the B. O. Q. dormitory fire on Decem 
ber 3 

The principal speaker for the eve 
Magnolia Petro 
Oklahoma. Lowery, 


a 1949 University of Oklahoma gradu 


ning Was Tom Lowery 
leum Co., Duncan 
ate, spoke on his experiences during his 
company’s introductory training period 
Following Lowery’s talk, the Christmas 
party was held, with gifts and refresh 
ments for members and their families 


~*~ *& 
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University of Texas Student 
Associate Chapter 


By William F. 


\ spec ial meeting of the Ch apter 
held November 21 to 
to represent the University in the j 
Annual Joint 
Meeting of the Texas Local 
held at Texas A & M December 8 and 9 


and reported elsewhere in this issue of 


select the 


dent paper contest at the 


sections 


the Jounnat. Three senior petroleum 
engineering students presented papers 
to compete for the 
Philip L. MeLaughlin 


odemus, and Robert | 


demus was chosen 


representation 
William F. Nic 
sronte. Nic« 


The Chapter held its regular monthly 
meeting on December 12 to hear Rob 
ert H. Winn, sales engineer for the Gulf 
Coast division of Halliburton Oil Well 
Winn discussed briefls 
the theory and application of electrical 
Halli 
There 


Cementing Co 


and pre sented the 


We'll Get 


well logging 
burton film entitled 


Somehow 
The student chapter met January 


6 in the Petroleum Building to hear 


Leorge H Fancher professor im the 


department of petroleum engineerin 


oil fre Ids 


speak on his experiences in the 


Above are the officers of the University of Texas Student 


Nicodemus 


of Colombia. He opened his discussion 
with brief historical and geographical 
facts about Colombia, pointing out that 
there are five oil producing areas in the 
country, and the total production is 
79.000 bbl per day. De Mares 


is the most important area with 39.5 


ibout 


per cent of the oil production. Barco 
produces 33.7 per cent, Yondo produces 
21.2 per cent, Dificial produces 4.0 per 
cent and Canta Gallo produces 1.6 per 
cent 

Oil preduction in Colombia started 
1917 when De 
Mares formed the Typical Oil Co. In 
1920 he sold to the International Oil 


on a large scale about 


Co. of Canada, and they began explora- 
tion. The fields in the De Mares 


ire the La 


Area 
fields 
Each field produces from three hori- 


Cira and Infantas 
zons, and there is an estimated two and 
one-half billion bbl of oil in place. All 
the oil produced is from the Tertiary. 
Both the La Cira and 
will be 


government on 


Infantas fields 
taken over by the Colombian 
August 25, 1951. 


Associate Chapter 


for the school years 1919 and 1950. Standing, from L to R, are David D. Ly- 


barger, secretary; William Ff 
treasurer; and Robert N. Miller, 
George H. Fancher, faculty 
W. Holland, vice-president 


rdviser; 


Nicodemus, 


TECHNOLOGY 


JOURNAL secretary; Archie P. Farr, 


intramural manager. Seated, from L to R, are 
Jack H. Herring, president; and William 
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Tom J. Ticue, service engineer for 
Dowell Incorporated at Houma, Louisi- 
ana, has been promoted to sales engi- 
neer at Victoria, Texas. Tighe, a gradu- 
ate of Texas A&M College, started with 
Dowell in June, 1948. 


+ 


WituiaM S. Davis is employed by the 
Humble Oil and Refining Co. in their 
Southwest Texas division. 


+ 


Rosert G. GAYMARD is assistant to 
the manager of the district of Relizane 


of the Societe Nationale de Recherche 


et d’Exploitation des Petroles en Al- 


gerie. His address is S.N. Repal, Reli- 
zane, Oran, Algeria. 


+ 


Ricnarp E. Greencey finished his 
schooling last June at Louisiana State 
University and is now employed by the 


Eastman Oil Well Survey Co. 


— 


Epwarp J. HARpEeBECK is an engineer 
in training in the Oklahoma district of 
The Texas Co. His address is 514 N. 
Pecan, Pauls Valley, Okla. 


+ 


Witson T. Lunpy, who has played 
an active role in the American sulphur 
industry for over a quarter century, has 
retired as vice-president of the Freeport 
Sulphur Co. He will continue as a mem- 
ber of the board of directors and in a 
consulting capacity. He joined the Free- 
1923 and 


years later was made general manager 


port organization in seven 


and a vice-president. 


+ 


Evcene Hoiman, president of the 
Standard Oil Co. (N. J.), received the 
honorary degree of doctor of engineer- 
convocation in com- 


ing at the final 


memoration of the 125th anniversary of 


Rensselaer Polytechnic Institute. 


+ 
H. J. Srrourn, petroleum economist, 
has resigned his post as Assistant Di- 
rector of Information for the American 
Petroleum Institute and is returning to 
Dallas to open an office as petroleum 


consultant and economic advisor. 


February, 1950 


Personals 





NELSON W 
( hief 


WittiaMs, recently ap- 
pointed 
reservoir eng 
neer for Core 
Laboratories 
Inc., has been 

transterred 

from Core 

Lab’s Bakers : 
field office to , e 
the firm’s main Z j 3 
office in Dallas 6 ae 
Williams, a graduate of S.M.l 
University of 


Labs 


and the 
Texas, has been with Core 


since 1939 


+ 


Jexny F. Sipes is working for the 
Superior Oil Co 


909 N. Dallas, Midland, Texas 


+ 


Newton has 
Oil Co. of 


as a scout. He lives at 


Ricnarp R recently 


joined the Smith-Newton 
Bradford, Pennsylvania, as a petroleum 
enginer. Newton was formerly an asso 
ciate research engineer with the Conti 


nental Oil Co 


+ 


Josern E. Pocus, for the past thir 
teen years a vice-president of the Chase 
National Bank of New York in charge 
of the Petroleum Department, has been 
appointed sultant and advisor to the 
bank on petroleum and natural gas. He 
present office in the bank 
18 Pine Street. 


Pogue has been elected to the Gulf Oil 


will retain hi 
on the eig! th floor at 

Corporation Board of Directors and 
will serve the company in a consultant 


capacity 


+ 


Don Carrout of the Oil and Gas Di 


vision of the Department of Interior 


ferred to Korea 


+ 


L. \ Littie has been named presi 
dent of Lufkin Machine Co., Ltd., with 
headquarters at Alberta 
Other officials of the new company are 
A. E. 
WILKINSON P 


has been trar 


Edmonton 
CUDLIP! vice president; M I 
retary - treasurer and 


ind W. T 


retaries 


Cuarces Dyer Crowver, Jn. 


assistant sec 
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WILLIAM E. BREWSTER 
Member 1933 


Elected a director of the Institute in 
1946, he died suddenly on December 19, 
1949, at his home in Chicago. He was 
bern at Iron Mountain, Michigan, on 
June 14, 1889, and after preparing for 
college at Hotchkiss, entered the Shef- 
field Scientific School from which he 
was graduated in 1910. 

In September of that year he became 
associated with the Wisconsin Steel 
Works of the International Harvester 
Co. at Chicago, and remained with the 
company throughout his entire indus- 
trial career. Mr. Brewster was ap- 
pointed assistant blast furnace superin- 
tendent of Wisconsin Steel in 1918 and 
blast furnace superintendent 
ten years later. Then, in 1936, he was 


became 


appointed assistant general superin- 
tendent and became general superin- 
tendent in 1945. Two years later he was 
for the 
steel division, holding this post until he 
retired in 1948. He was called out of 
retirement in June 1949 by the govern- 
ment to serve as ECA and U. S. Army 


teel advisor in Austria, completing the 


made manager of operations 


assignment on November 15. 

Mr. Brewster became a member of 
the AIME Executive Committee in 1940 
and was elected a director of the Insti- 
tute in 1946 


HARVEY HARDISON 
Member 1935 


Chief engineer for the Standard Oil 
Co. of Texas, died December 8, 1949. 
During the first World War he served 
in the infantry and after separation 
from the army returned to the Univer- 
sity of California to get his B.S. degree. 
In 1921 he was a geologist with the 
Oil Co., then worked for 
Pacific Oil, Standard Oil, and the Cal- 
ifornia Co. 


Associated 


AUBREY HAMILTON GARNER 
Member 1917 

For many years a consulting engineer 

and geologist, died November 26, 1949, 

in Dallas. He had been with DeGolyer 

& MacNaughton and worked in Rio de 

Janeiro. For years he was a partner in 


the firm, Brokaw, Dixon, Garner & Me- 
“en * *& 
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he Drift of ings 


.-. as followed by EDWARD H. ROBIE 
Secretary AIME 


Effect of Dues on Membership 


Many AIME members have expressed 
an interest in whether or not the in 
creased dues have been the cause of an 
abnormal number of resignations. It is, 
of course, too early to say with any 
definiteness, for as this is written, early 
in January, many members have only 
just received their bills for 1950, and a 
considerable number do not normally 
pay them for a month or two. They 
would not be likely to resign until faced 
with the stark necessity of writing out 
a check. Still, the data available at the 
end of the year show no cause for alarm, 
and certainly do not bear out the ideas 
expressed by the prophets of doom last 
spring who warned that the loss of 
members would more than balance any 
increase of income through the raising 
of dues 

To establish whether or not some 
thing is abnormal, one must first know 
what is normal, so let us go back to an 
average for the years 1946-1948 inclu 
sive. In those three years, 0.9 per cent 
of the enrolled members died; 1.1 per 
and 2.3 


per cent were dropped for nonpayment 


cent resigned in good standing: 


of dues. In 1949, faced with an increase 
in the dues for the next three years, just 
exactly the same percentages died, re- 
signed, and were dropped for arrears 
in dues. Without any unusual member 
ship campaign, the AIME membership 

and all these data are exclusive of 
Student Associates showed a greater 
net gain last year than it did in 1948. 
the respective figures being 687 and 580 

We have seen many of the letters of 
resignation, and the bulk of them seem 
to be in two categories: (1) those whose 
interests are no longer in the field of 
the Institute, or only partly so; and (2) 


members in foreign countries whe have 


to pay what are often excessive sums in 


dollars. The Directors of tt Institute 


are sympathetic to this latter group 
and if any use could be made of foreign 
currencies would be glad to allow dues 
to be deposited in foreign countries, but 
unfortunately all the bills that the Insti 
tute incurs must be paid in American 
dollars 

In the data previously 
notable that more members 
pended for nonpayment of dues than 
resign. Many times these mem : later 
apply for reinstatement » cha 
grined to find they must pay up their 
arrears, or up to $20 thereof, in order 
to be reinstated They perhaps reg ard 
AIME membership like a magazine sub 
scription if you dont want it 
longer you just stop paying tor it 


ignore the n imerous tetters you 
AIME is dif 


Members are in good standing 


from the publisher. The 
ferent 
for three months after their dues are 
payable —or until March 31. In that 
time they can resign. and should they 
later wish to apply for reinstatement 
there will be no new initi ) fee or 
any arrears in dues to pay. But if Insti 
tute headquarters does not hear trom 
vou we assume you are on sal i, con 
tinue to keep your name on the rolls 
print it in the Directory, and try to 
print enough extra copies of your favor 
ite journal so that you can have the 
back numbers if you wish, when your 
check finally arrives. Members are not 
dropped until they have been in arrears 
for two years, and many pay the ur 


rears in the second year 


Professional Interests 


Within the last two or 
all AIME members 
dent Associates have rec 
asking them to check 


professional interest as expresses 


the Institute; and (2 


all Divisions in 
which they may have an interest. Some 
9000 replies have now been tabulated 
which represents more than half of the 
Institute membership. so should be a 
good sample. and we hasten to give 


readers the results to date 


Major Technical Interest 


Per Cent 
of Branct 


Per Cent 


Division Number of AIME 

Mining. Geology 

& Geophysics 2380 26.6 

Minerals 

Beneficiation 605 6.8 

Coal 816 9.1 

Industrial 

Minerals 339 3.8 
MINING 
BRANCH 

Extractive 

Metallurgy 

lron and 

Steel 

Institute of 

Metals (physi 

cal met.) 16.0 
METALS 
BRANCH 


100.0 
um 
Division and 
Branch) 100.0 
Mineral 
Economics (no 
Branch afhil.) 138 
Mineral Ind 
Education (no 

Branch) 56 0.6 

Total 8942 99.9 
Affiliations 


Desired Division 


ivisior 
Mining, Geology 

& Geophysics 4213 
Minerals 


Beneficiation 11.0 25.4 


their own currency to se¢ ure American activities of 


one of the ten D Ons oO Coal 7.4 17.1 
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Industrial 
Minerals 


MINING 
BRANCH 
Extractive 
Metallurgy 1835 
Iron and Steel 1726 
Institute of 
Metals 1978 


METALS 
BRANCH 
Petroleum 2769 
Mineral 
Economics 1527 
Mineral Industry 
Fducation 855 


20.749 99.9 


The foregoing data are based on returns 
from 55.2 per cent of the Institute mem- 
bership that had been received when the 
survey was made, so by simple arith- 
metic the officers of every Division can 
figure out just about how many AIME 
members are interested in their Divi- 
sion. For instance, 6.8 per cent of Insti- 
tute members are primarily interested 
in mineral beneficiation, but 25.4 per 
cent are more or less interested. On the 
other hand, 25.2 per cent of the mem- 
bership is primarily interested in petro- 
leum, but only 31.0 per cent have any 
interest at all in that field, which would 


be expected. 


New Members 


We fear this department is getting 
pretty statistical this month, but in con- 
nection with the foregoing data the 
Branch afhliation of those who applied 
for membership in 1949 is of interest. 
The number of applications for mem- 
bership received from those who had 
not previously been members (exclud- 
ing new Student Associates but includ- 
ing changes of status of Student Asso- 
ciate to regular grades of membership) 
plus reinstatements, was as follows: 
Branch Total Per Cent 
Mining 471 41.4 
Metals 262 23.1 
Petroleum 404 35.5 


Potal 1137 


Comparing the professional interests 
of the present total membership with 
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those of the new applications, it is evi 
dent that the Petroleum Branch is grow 
ing much more rapidly than either the 
Metals Branches. Possible 


the petroleum 


Mining or 
reasons for this are: (1 
industry is growing faster than the other 
branches of the mineral industry; (2) 
the AIME has less competition in the 
service it gives to the petroleum produc 
tion industry than it has in the other 
fields; (3) petroleum men have more 
money than miners or metallurgists 
(4) the service the AIME gives to the 
members of the Petroleum Branch is 
more satisfactory than its service to the 
other Branches; or (5) the Petroleum 
Branch is more actively out for new 
members than the other groups. What 
ever the reason, if the trend continues, 
the Petroleum Branch will before long 
boast of a third instead of a quarter of 


the Institute membership 


A Job Well Done 


Especially in view of what has just 
been said, it is with sincere regret that 
we must accept the resignation of Wil 
liam H. Strang as Executive Secretary 
of the Petroleum Division and Branch 
Business Manager of the JouRNAL of 
PeTroLeum TECHNOLOGY and Assistant 
Secretary of the AIME. For much of the 
progress made by the Petroleum Branch 
Bill has been responsible. Further, his 
relations with Institute headquarters 
have always been cordial and he has 
done much to advance the interests of 
the Institute as a whole. It is good to 
know that it was not because of dissatis 
faction that he left the AIME to join 
the production division of the Amer 
can Petroleum Institute in Dallas 
was just that he was offered a muc! 
better paid job. His new office will be 


in the same building as his present one 


Newell Appleton 


Office Manager 


A further step to promote efficiency 
in the New York office of the Institut 
was made at the beginning of the year 
in the naming of H. Newell Appleton as 
Office Manager 


recommendations of the Johnson Com 


Thus is another of the 


mittee, made two years ago, being car 
ried out. Appleton is thoroughly experi 
enced in his new work, and is well 


AIMI 


known to a large number of 
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members who have seen him in action 
at many meetings, particularly annual 
Metals 
Branch. He will have complete charge 


meetings and those of the 
of the service departments at Institute 
headquarters, including purchasing, ad- 
dressograph, receiving and shipping, or- 
ders, filing, change of address, member- 
ship, and the reception desk. In addi- 
tion he will be convention manager and 
will have various staff duties in co-ordi- 
nating the work and promoting the effi- 
ciency of the line departments includ- 
ing the Secretary's office, the publica- 
tions and accounting departments, and 
the work of Mining, Metals, and Petro- 
leum Branches. Before making the ap- 
pointment the Secretary studied three 
volumes and numerous pamphlets on 
ofce management and we gather that 
it is a profession, like mining engineer- 
ing, and one that has progressed rapid 
ly in recent years. We have now turned 
these books over to Appleton, confident 
in his ability to combine theory and 
knowledge of how other offices are run 
with the particular practical problems 
that have evolved at Institute head- 
quarters; in short, that he will fully 
live up to his new responsibilities. 
Which latter word reminds us of the 
nifty about the man who was applying 
for a job. His potential employer said 
to him, “For this job we want a respon- 
sible man.” “That’s me,” replied the 


applicant. “Everywhere I've worked, 
when something went wrong, they told 


me that I was responsible.” 


Looking for Suckers 


One of our members asks if we can’t 
do something about the flood of brokers’ 
literature emanating from Canada, try- 
ing to inveigle people on this side of 
the line to “invest” in Canadian mining 
and oil prospects. This has been going 
on for a long time, so presumably the 
efforts are not without their reward, to 
the brokers we mean. Our readers are 
not the kind that rise to the bait, so 
there is no use in our warning you, and 
you, and you. There will always be 
suckers, and maybe no particular harm 
would seem to result if some of their 
money went to Canada, where American 
dollars are at a premium. A little of it 
might conceivably actually be used for 
mining development. The technique of 
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some brokers, however, is to pretend not 
to ask for money. For instance, here is 
a letter that starts, “Before I tell you 
a thing about this amazing proposition, 
let me say that this letter does not ask 
you to spend a single penny. Not only 
that but WE WILL NOT ACCEPT 
ANY MONEY NOW. All | want from 
you is an expression of opinion. Will 
you read about it, and tell me frankly 
what you think? 


‘The first thing I am going to ask 
you is would YOU like to see $5 
grow to $500.00, $50 grow to $5,000.00?" 
(Note the two zeros after the decimal 
point; it makes the amount look bigger, 
and perhaps $5,000.00 might be misin 
terpreted as $500,000.) “It has ben 
done, as you will see if you read further 
in this letter. And there is a mighty 
good chance right now that it may be 
done again. Time and again through the 
18th and early 19th centuries the world 
was electrified by the spectacular min 
eral discoveries in Ontario and Que 
bee.” (We think he means the 19th and 
20th centuries, but let that pass, espe 
cially in view of the fact that a lot of 
Americans seem to be a year off in their 
reckoning on the present half century, 
which would seem to us to end on Dec. 
31, 1950, instead of 1949.) Then the 
writer goes on to tell something about 
the property, in this case a lead-silver 
mine. It is particularly valuable because 
lead is “the only known practical de 
fense against ATOMIC RADIATION.” 
(Lead-sheathed houses should be par- 
ticularly necessary when the atomic war 
breaks, and their construction will re- 
quire a lot of lead. We could go on at 
length, but we feel sure our readers can 
guess the rest. No money is asked in 
this particular letter: merely a promise 
to invest $50 in LOO shares of stock pro- 
vided enough additional promises are 
provide “the 


received to necessary 


monies for buildings, plant, machinery 
and working capital to commence the 
mining of its ore reserves”, (to say 
nothing about supplying a bit of capital 
to the broker.) Such letters, too, always 
mention the name of the geologist or 
the engineer who assures a bright future 
for the property ; and you needn't look 
him up in the directory of his profes 
sional society for almost certainly his 
name won't be there 

We would hesitate to say that those 
who rise to such bait as this have no 
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chance whatever to make a profit. But 
Theodore Roosevelt, we believe it was, 
once said that something was “as prom- 
ising as for a blind man to grope in 
the dark for a black hat that is not 
there”, and we think this about sums 
up the chance of success with most of 


these mining opportunities. * * * 


Directors Face Deficit 
Problem at December 7 


Meeting. 


No Board meeting being scheduled 
between that of November 16 and that 
on February 12, the Executive and 
Finance Committees met on December 
7 and January 20 to consider routine 
matters. At the December 7 meeting 


with President Young presiding, the 
problem of how to meet the 1949 deficit 
was considered. It was finally voted to 
ask the Rocky Mountain Fund Commit 
tee for $7500 to finance the cost of Vol 
181 of the Transactions, covering metal 
mining, industrial minerals, mineral in 
dustry education, and geophysics; and 
to ask the Robert ¢ 
Fund Committee for $6000 to cover the 


Gemmell Memorial 
cost of publishing Vol. 183, on mineral 
beneficiation. The respective committees 
subsequently agreed to this use of accu 
mulated interest in the funds, and the 
volumes will be issued under an im 
print to credit the sponsors. The sum 
of $15,000 was appropriated from the 
Life Membership Fund, which is a por 
tion of $59,000 that was set aside from 
surplus during the period 1927 to 1934 
Members of 


the Institute. Life Members now num 


to finance service to Life 


ber about 190 compared with some 390 
at that time, so less income is required 
to meet the expense of supplying them 
with periodicals and carrying them on 
the rolls. The remainder of the deficit 
will be met out of the residue of some 
$46,000 left in the Sper ial Fund for 
Publications, contributed some years 
ago to meet publication costs during 
periods of reduced income The current 
levy on the fund will practically extin 
guish it for the time being until surplus 


can again be directed to its replenish 


ment 

Authority was voted to 
advertising salesman for the JOURNAI 
or Metats and MINING ENGINEERING in 


the territory centering in Chicago, and 
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Joseph Halloran was subsequently en- 
gaged for the job. 

Besides President Young, those pres- 
ent at the meeting included Donald H. 
McLaughlin, E. E. Schumacher, Erle V. 
Daveler, Clyde E. Weed, Andrew Flet- 


cher, H. A. Maloney, and Edward H. 
Robie x~ * * 


Washington, D. C., 
Section Plans 
Meeting in October 


The Washington, D. C., 
the American Institute of Mining and 


Section of 
Metallurgical Engineers is arranging 
a meeting at the Shoreham Hotel in 
Washington during the week of Octo- 
ber 9, 1950, and has invited the Min- 
eral Economics Division to sponsor the 
program, which it has agreed to do 

The object of this meeting will be 
the analysis of economic trends as they 
affect the mineral industry both at home 
and abroad. The program will include 
papers; it will 


largely non-technical 


stress the relationship between new 
mining and metallurgical practices and 
their impact on the economics of the 
industry. 

One-half of each day will be assigned 
to general sessions at which a subject 
of wide interest to all Institute Divi- 
sions will be presented and discussed. 
It is planned to select speakers from 


AIME Divisions. For ex- 


ample, were taxation a subject under 


the various 


discussion, speakers would be chosen 
by the Central Program Committee on 
the basis of Divisional representation. 
It should be noted, however, that no 
two speakers will present papers perti- 
nent to the same Institute Division. 

The other half of the program will 
probably be divided into several meet- 
ings — preferably Divisional meetings 
at which more technical papers will be 
presented. These papers will emphasize 
the same subjects, but again they will 
be slanted to the economic aspects 
There will be open discussion at all of 
these meetings as well as at the general 
sessions. 

P. G. Spilsbury is chairman of the 
Washington, D. C.., 
Behre, Jr., is chairman of the Minerals 


Section. Charles H 


Economics Division and S. Power War 


ren is general meeting chairman. ® * 
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Total AIME membership on Sept. 30, 1949, was 
15,988; in addition 4427 Student Associates were 
enrolled 

ADMISSIONS COMMITTEE 

James lL. Head, Chairman; Albert J. Phillips, 
Vice-Chairman; George B. Corless, T. 8. Counsel 
man, Ivan A. Given, Robert L. Hallett, Richard 
D. Mollison, and John Sherman 

Institute members are urged to review this list 
as soon as the issue is received and immediately 
to wire the Secretory's office, night message 
collect, if objection is offered to the admission 
of any applicant. Details of the objection should 
follow by oir mail. The Institute desires to extend 
its privileges to every person to whom it can be 
of service but does not desire to admit persons 
unless they ore qualified. 

In the following list C/S meons change of 
status; R, reinstatement; M, member; J, Junior 
Member; AM, Associote Member; S$, Student Asso 
ciate; F, Junior Foreign Affiliate 


ARIZONA 
Ajo—Niemt, ALrrep Epwin. (M). 
Flagstaff 
(C/S—J-M). 
Klondyke 
J-M). 
Phoenix—-Dutron, Donovan ARNOLD. 
J-M). 
SHERMAN, Frep WILLIAM, 
J-M). 
Harsnuparcer, Joun Wi- 
J-M). Wituiams, Seton 
J-M). 


Ripper, Ricnarp Drake. 


Furmer, J. Wactrer. (C/S 


(C/S 
Superior 
Jn. (C/S 
Tucson 
uiaM. (C/S 
Sawyer. (C/S 


J-M). 


ALABAMA 
Birmingham—-Pacet, 
J-M). 
Stevens, Eowarp Henry. (R,C/S 
S-M). 


Hersert Ep- 


win. (C/S 


CALIFORNIA 
Bakersfield 

(C/S—J-M) 
Bellflower 
S-M.) 
Glendora 

J-M). 

Hermosa Beach—PrarrMan, Georce 

J-M). 

Hints, Joun Os 


Hiatt, Wittiam N. 


Cox, Eucene Ler. (C/S 


Mutt, Bert Haraway. 
(C/S 


Arntuur. (C/S 
Huntington Park 
J-M). 
Jerrers, Acpa WILLIAM. 


mer. (CUS 
La Jolla 
J-M). 
Long Beach-—-ScHaLier, Herman EL- 
uiotr. (C/S—-J-M). Turner, Bitry 
J-M). Van Dyke, GiLpert 
J-M). 


(C/S 


Jack. (C/S 
Rusk. Jr. (C/S 
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Los Angeles—Daxe, Crarence Rat 
(R-M). Lee, Francis Lincotn. (C/S 
J-M). Stewart 
(C/S—J-M 
(C/S—J-M 

Monrovia 
(R-M). 

Monterey Park—Barcray 
Hucn, Jr. (R,C/S—J-M) 

Merzcer, Grant Wi 
S-AM) 


Nines, CHaries Burorp 


Ricuarp MALcoLm 


Tuomas, Gerarpo B., Jr. 


Houston, Frep KENNEDY 


ARTHUR 


Nevada City 
Liam. (C/S 
Palo Alto 
(C/S—J-AM). ScHEeLuincer, (ALFRED) 
Kennetu. (C/S—J-M). 
Six, Crarence W. (AM) 
Sumner, Epwin Voss. (C/S—J-M) 


Pasadena 


Terry, Pau Emmerr. (M) 
Piedmont—Hassan, Epwarp A., Jr 
(C/S—J-M) 
Pomona 
(C/S—J-M) 
San Jose—Rose, R. Burton. (C/5 
J-M) 
San Marino 
eRIcK. (C/S—J-M) 
South Pasadena 
B. (C/S—AM-M). 
Taft — Ganone 
(J). 
Whittier 
(C/S—J-M 
J-M) 


Maak, Cuantes Henry 


Gates, CHARLES Frep 


Hester, WALTER 


Ricuarp ALONzo 
Lepperrer, Jerry TALBERT 


Partraipce, Papraic. (C/S 


COLORADO 
Golden 
(C/S—J-M 
Rico—HInckLey, SHERMAN Biter 

(R.C/S—S-M 


SmitH, Sicmunp Levern 


CONNECTICUT 
Bloomfield 
(C/S—J-M) 
Fairfield 
(C/S—-J-M 
New Canaan 
Nye. (AM 
Plantsville 
}-M) 


Riverside 


Sectzen, Davip Donato 


Sistank, Grorce HENry 


O_MsSTEAD, Josern 


Mour, James H. (C/S 


Siptey, AntHur H. (AM) 


Stamford Haskett, Ricnharp M 
(My) 
Westport 


(M) 


Foitey, Rorert Merrick 
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DELAWARE 
Wilmington 
J-M). 


Peterson, Erte W. 


(c/s 


DISTRICT OF COLUMBIA 
Batt, Dovueias. (C/S 
Manion. 


Washington 
J-M). 


ics 


GRAHAM, GORDON 
J-M). Mover, Forrest Tueo- 
pore. (C/S—J-M). 
FLORIDA 

Bartow—MecMutien, Donato Guy. 
J-M). 


Brewster 


(C/S 
Banser, ELwoop C. (M). 
Beach— Fortn, 
vey Apoten. (C/S—J-AM). 
Lakeland—Atven, Witte ALTON. 
E.utiorr, Ferntey Haroip. (M). 
Jones, Benjamin Prerce. (M). 
Unranp, H. E. (R-J). 
Mulberry—-Haren, 
S-J). 


Clearwater Court 


Joun FRAncts. 
c/s 
IcenocLe, Kart Luster, Jn. (J). 
Pierce—Woovo, ALien Kesey, Jr. 


GEORGIA 
Augusta 
]-M). 


Bere, Eric Atian. (C/S 


IDAHO 
Kellogg 
J-M). 


Moscow 


Bacon, Cuaries. (C/S 


Jackson, Frank Leg. (C/S 
J-M). Scuem, Vernon Epwarp. (C/S 
C/S—J-M). 


ILLINOIS 


Aurora—Mouitror, Mectvin Eowarp. 


(C/S—S.-J). 
Steruens, Ropert Monroe. 


S-J). 


Benton 
(C/S 
Carmi—Honz, Warrer Lupwic. (C/S 
J-M). 
Chicago 
(C/S 


Curiston, Paut CHARLEs. 
J-M). Fiewo, Ermer WitiiaM. 
J-M). Gorpon, Paut. (C/S 
S-M). Horrz, Ricuano Dean. (C/S 
J-M). Lane, Arvin Frances. (M). Pic- 
ort, Joun Rosert. (C/S—J-M). To- 
Kan, Froryan Josern. (C/S—J-AM). 
Wuire, Hersert A. (C/S—AM-M). 


(C/S 
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flora——Grapy, Guipo Orro. (C/S 
}-M) 

Hinsdale—-Jaicxs, Frepentck Git 
ties. (C/S-—-J-M). Scumipr, Donatp 
Garay. (C/S—S-J) 

Maywood MoLyNeaux NORMAN 
(Mi 

Mt Vernon ATKINSON Jennet 
Raymonp. (M) 

Waukegan—Lenz, Witttam Henry 
(C/S-—J-M) 

West Chicago—-Kremenrs, Howanp ¢ 
(M) 


INDIANA 

Boonville -McCrievey Roper 
jn.. (C/S—J-M) 

East Chicago —MecCrioure, Carvin At 
EXANDER., (M), 

Gary Brown, Joseru ANDREW 
(C/S—S-J). 

Logansport. -LAWRANCI Ropert 
Pryor, (M). 


IOWA 
Waterloo—-Scuarrer, Harny Joun. 
' AM) 


KANSAS 
Baxter Springs — Powers, Haron 
Avunurn, (C/S—J-M) 
Chase—-Rasmussen, LyMAN Mernins 


(Cc /S—S.AM) 


KENTUCKY 
CreenvilleLams, Cuarctes Mircn 


een, Jn. (J) 


LOUISIANA 

Baton Rouge-—-MAnvitte, MAHLon 
FRANcIs. (C/S—S-AM) 

Homer—-Van Horn, Hanoto Gien 
(Cc /S—S.]) 

New Orleans -Virrer, Avsert Leo 
roto, Jn. (C/S—J]-M) 
Shreveport——-Morratss, Herserr At 


EXANDER, Jr. (C/S—J-M 


MARYLAND 
Accokeek— Harris, Wintiam James 
In. (C/S--J]-M). 


Arnold Ames, Joun Ateneo. (J) 


MASSACHUSETTS 
Cambridge—-Wacner, Cant. (M) 


Watrers, STANLEY Hanpy AM) 
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New Bedford 
STorer. (CS 
Watertown 


C/S--S.]) 


MICHIGAN 

Ann Arbor——Ewine 
wK. (J) 

Negaunee Boy 
(C/S—J-M 

Port Huron —KAs 
rarp. (CS IM 


MINNESOTA 
Coleraine JouNse 
(C/S—J-M La 
C/S—-J-M 
Marble OLSON 
yr 1-M) 
Minneapolis 
(J) 
North Hibbing 


sEND. (C/S——S-] 


MISSOURI 
Desloge Ritey 
C/S-—J-M) 
Havyti—-Kipweu! 
1-M) 
Herculaneum H 
Samuen. (M) 
Rolla WINSTON 
(C/S—S-M 


MONTANA 


Butte BARRIOS 
if het S.-M) 


Great Falls—Eastman, Rost 


LAN. (C/S—S-J 


NEVADA 
Boulder City—-Jacops 
son. (C/S——Jj-M 
Bristol Silver—W 
(AM) 
Goldfield—- Hane 
ano. (M). Hisie, W 
Round Mountain 
Epison. (C/S--J-M 
Woodworth Dr 


Wuitsy. (C/S--J-M 


NEW JERSEY 
Avenal- STEND 
Morristown -Ht 

Jn. (C/S—J-M 

Jn. (C/S—I-M 

rer. (Cc S-—J-AM 
Nutlev-—HAawkINs 
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Perth Amboy—-Grooner, ABRAHAM. 
iM 

Ridgefield Park—Apkins, Ropert 
Cuarces. (AM) 

Upper Montclair—Kuzmick JEROME 
Frortan. (M) 

Westfield—-Ettiorr, Joun Frank 


C/s&.J 


NEW MEXICO 
Albuquerque—-Hittyer, Larry De 
rr. (C S-—S-J). MeCroven, THomas 

(C/S—S.]J) 

Carl«bad-—-Arenp, Cart A., Jr. (M) 
Greene. Liovp Morris. (C/S——J 

Mi. Jameson, Eimer Evcene, Jr. (J) 
Matneson, Ropert K. (C/S—J-M) 
Murray. Jorpan Srepuens. (C/S— 

s-AM Pressvect, CLARENCE EvGeNt 

M Reever, Rosert Tuomas. (C/S 
S.J) 

Hurley Winn. (Wittiam) Howaro 
C/S—J-M) 

Magdalena—Matruews GILBERT 

Joun. (C/S—J-M) 


NEW YORK 
Albany-—Piarr, Dovetas Howarp. 
M 
Bayside-—Matoor, Samuct BARAKAT 
C/S—S-J). 
Brooklyn— Mui es, FrepericK Victor. 
C/S—S-J). 
Floral Park —Besnetrre, Untys An 
rouve. (RC/S }-M). 
Hempstead—Carro it, Joun Marion 
S.S.AM) 
Kenmore Hiseanp Davip SHARP 
S< ( ~ }-M) 
New York-—Cuprorr, Louts. (M) 
Dennis, Rrewarp C. (R-M) 
Link, Water Kare. (M) 
Rynanski, Aucustyn T. (M) 
Sisto JoserHu \ (M) 
Sxinver, Cuartes F. (C/S 
Wittner. Asner Ropsert. (¢ 
\-M 
Scarborough—-EMIsSON JOHN 


rON M) 


OHIO 
liz—-Necms. Georce CHARLes. (C 
s-J 
Canton Hontas James PETER 
c/s ]1-M) 
Lupwic, Cart. (AM) 
Warruer, Harry Freo. (M 
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Chesterland—Mumma, Haraies A.. 
S—.J-M) 

Cleveland—Inwin, J. Preston. (M). 

Columbus—Jarree. Rovert I. (C/S 


Pincus, Howarp J. (C/S—S 


J-M) 
J). 
Euclid—Dennis, Howanp J. (AM). 


OKLAHOMA 
Norman—-Scunee, Verne H. (R,C/S 
AM-M). 

Oklahoma City—Eyver, Ateert Tay- 

Lor, Jr. (R.C/S—S-M). 
Wuitecey, Burton W. (C/S 
Pauls Valley 


James. (C/S 


J-M). 
Harpeseck, Epwarp 
S-J). 
CuapmMan, Ropert Bruce. 
J-M). 
}-M) 
J-M). 


(C/S 


Tulsa 
(c/s Cute, Joun Dovuetas. 
Kecitern, Wartace O. 
McMiiten, Ropert Ep 
I-M). Moore, Joun Is 

J-M). Nepom, H. Ar- 


S-J). 


(C/S 
WARD 
Ler, Jr. (CS 
THUR, ( > 


OREGON 
Albany—-RaAasMUSSEN, 
vaALD C. (C/S—J-M). 
Doe, 


Rosert THor- 


Portland Hoius Matuews 
J-M). 


lroutdale 


(M). 


(C/S 


Amos, Lioyp ArTHUR. 


PENNSYLVANIA 
Beaver PETERSON, 
J-M). 
Bethlehem—Goop, Ropert CHarces. 
Jn. (C/S—J-M) 
Duquesne-—Wacner, Georce 
(M). 
Ebensburg 
J-M). 


Harrisburg 


Kari 


FREEMAN 


(C/S 


EDWIN 


Jones, SHELDON, (COS 


Gray, CaRLyLe. (J). 


Glenshaw—Trout, Harry E:. Jr. 


}-M) 
Holsopple 


(Cs 
TOMASZEWSKI, JoHN 


Martin. (C/S—S-J). 
Lebanon—Dominevuez, Ezeouret Cua- 
vez. (C/S—J-M 
Mollenauer 
(M). 
Nemacolin 
}-M) 


Kensington 


Pore, Vicrer T.. Je 


Cort, Jesse FRANKLIN. 
i¢ s 


New 
PHomas Irvin. (C/S 


McCuiintoek 
J-M). 
Norristown ELLINGTON, THOMAS 
Serrce. (M). 
Palmerton 
J-M) 
Pittsburgh—Conroy, 


(AM). 


Hecp, LLewettyn Joun. 
C/S 
Epwarp Hi 
BERT, JR. 
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Haines, Harry Wi-- 


LIAM, JR LusTMaN, BeNnJAMIN 
(C/S—J-M 
(R,C/S—S-M 
(J). Vonreno CQUES 
J-M). Wa 
(AM) 

Pleasant H 
(M). 


Punxsutawne BULLERS 


ERSON Jloun Lots 
Massoup 1 


Martin (CUS 


SIMNAD 


Cuarces RicHarp 


OGAN ALBER! 
WILLIAM 
Irvin. (CVS 
Scottdale 7 Fant. Maxweut 
(AM). 
Secane \ 
ber, Jn. (M 
Uniontow: 


(M). 


MerRVIN So 


ALBERI 


SOUTH CAROLINA 


York-—Brers, Si 


J-M) 


ywourn JAMES ( 


TENNESSE! 
Copperhi mRNOY, EzeLt iM 
rEXAS 
Beaumont 
C/S 
Bellaire ) AULD 
(M). 


Chapman Rancl 


S.J] ) 
Georce Kani 
Davis, Wittiam 
SmitH. (C/S—S-J 

Dallas—Dickson, WittiamM Presron 
(J). Dyes, A . Berry. (J). Mozrey 
James Mansu J Porter, Puu 
(C/S—)-M 
El Paso—B 


(C/S—S.-] 


Howarp Putnam 


Couns, A UR 
Encino-—W iT 
(J). 
Falls Cit 
J-AM) 
Houstor 
(J). 


SODIN, JEA ! (M) 


(JUINLAN }) 
Harotp THOMA 


HuRCH, Mack. (C/S 


Pui Micnari 


Evans, Jou sity. (C/S—-J-M 
Laas, Cuances Wittiam. (M 
NicHo.is, JAMES (M) 
Racurorp, Henry Herserrt. Jt 
Kilgore M Ay 
(C/S—J-M 

(AM) 

Longview l i Hersert 
(R,C/S—S-M 
Lubbock—No 


{¢ /5—~&.] 


BRYANT 


JoHn Lesrei 


HARLAN I 


Deus 


Rocer Ernest 


Refugio— B Forp ALrrep 


(C/S—J-M 
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Antonio 


(R-M). 


San 
Brices 
Ivler 
C /§—S§.}). 
Wichita Falls 
AS M) 
Wickett 
cur. (C/S 


J-M). 


UTAH 
Bingham Canvon 
carn. (M) 
Dragerton 
J 
Salt Lake City 


S-M). 


( ~ 


Jounson, Eart Sirver. (C/S 
Joun Dinerce. (C/S 


PRATER 


ANDREWS, 


STALLINGS, 


Ross, 


WortH 


Harotp Owen. 


May, Donato Tuom- 


KeENNERLY, KENNETH SPARr- 


Niemi, Jonn Os- 


Manion Donato 


Cassano, James. (R, 


J-M). 
J-M) 


Ricuarps, Wittiam Georce. (C/S 


}-M). 
WILSON 
}-M) 


Sunnyside 


Ropert 


MOND. (J) 


MOND. (M) 


VIRGINIA 
Biz Stone 

(M). 
Blacksburg 

son. (M) 
Richland 


R.C/S—-S-M) 


WALLACE 


WASHINGTON 
Metaline Falls 
ick. (C/S—J-M). 
Quincy 
EN. (C/S—J-M) 
Richland 
}-M) 
Seattle 
J-M). Macunn, 
M 
Spokane 
Tacoma 
(J) 
WEST VIRGINIA 
Charlestown 
(M) 
Fairmont 
eric. (M) 
Huntington 
(M). 
Morgantown 
Ricnarp. (R-M). 


STON 


Omar 
Stotesbury 


J-M). 


{ s 


LACKEY, 
McCourt, 


Cap 


Cooper, 


Benue, 


Berner, Horace L. 
Ex.win ArBA 


ARMSTRONG, JOHN. 


Lovo, 


GENTRY, 


SARGENT, 


PURSGLOVE, 


ARNOLD, 


ALEXANDER. (C/S 


Grorce Ray 


THomas Ray 


Meapor, Harry 
Byron Net 


STEPHEN CHAs 


Lanp, Eart Freper 


Hucues, Cuarres Von Op 


Warp, Raymonp. (C/S 


(C/s 


(C/S-——J 


{ M ae 
Hanpy. 


Richarp 


Wittiam 5S. 


Harotp Frep- 


Francis, Davip Livine 


SAMUEL! 


Cantex, Wave Howarp. (M). 


Avrrep Cyrus 
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WISCONSIN 
Kenosha 
Jn. (C/S—J-AM). 
Milwaukee 
(C/S—S.-J). 
Racine—Ossorne, Rosent 
voort. (C/S—-AM-M). 
West Allis 
(C/S—-J-M). 


Swansen, Fant Eowarp 
VANDER- 


Maniacuen, Bunt Cas. 


WYOMING 


Casper—-Lampert, Josern Genranp. 
(J). Pantansen, Eowanp Perer. (C/S 


S.-M). 


ALASKA 


Nome 
S-AM). 


Lomen, Arenep J., Jn. (C/S 


BRITISH COLUMBIA 
Alice Arm 

(C/S—S-]) 
Rossland 

(R/C/S 


Rosen, Pause Eowarp. 


Wuiton, Lesuim Victor. 


J-M). 


ONTARIO 

Faleonbridge—Watton, ALAN KINGs- 
Ley. (C/S—J-M). 

Haileybury 
(C/S—J-M). 
Sound 
Hottoway. (M). 

Sault Ste. Marie 
car. (C/S—J-M). 
McBean 


Daniet W. 


ATCHISON 


Owen Fainrieco, Herpert 


Banner, James Ep 


Swastika 


(C/S—J-M) 


Joun WiLLiaMs. 


Donemus, Grorce Eowarn, 


Toronto 


M). 


Lamp, Hanay C. (C/S—J 


QUEBEC 
Montreal 
(M)}. 


Mar 
Powe! 


Micnaup, Josern 


CEL. Wricet, 
(M). 
Nitro 


J-M). 
NUEVO LEON 


Monterrey 


MELVIN 


MclIwrosn, Jack Lorne. (C/S 


VILLAREAI EDUARDO 


Maunicio, Jn. (C/S—J-M) 
NICARAGUA 
Siuna 


M). 


Piecasu, Joun. (R.C-S—S 


CUBA 
Pinar del 
warp, (C/S 


Rio—Sykes, Rosert Ep 


S.J) 
BOLIVIA 


La Paz—Marruiev, Witrem. (J 


BRAZII 


Itabira Minas Geraes 
Menpes. (C/S—J-M) 


FRANCA, JAOA 

CHILE 
Potrerillos 

rer. (C/S 


MALcor M 
J-M) 


ORAM 


Joun Bax 


Rancagua Perer 


MacMu 


LAN. (C/S—S-J) 


PERL 

Casapalea 
(C/S—J-M). GoopmMan 
Jn. (C/S—J-M) 


Aimone, Francis Mario 


Lyte Oral 


Yauricocha 
Law. (J). 


VENEZUELA 
Jusepin 


J-AM) 


Jones, Paut Roserr. (C 


ENGLAND 
Aldwick Bay 


Epwarp. (C/S 


GOULDEN, 
S-J). 
Goopeve, CHances F. (M). 

Uddingston — Ritcuir, 
Matcoim. (M). 


London 


SPAIN 
Murcia 
(J). 


Dumas, ALexis Jacques. 


UNION OF SOUTH AFRICA 


Maraisburg Transvaal—Manrco, 


(M) 
INDIA 
Delhi—Sanat, Devi. (M) 


Rajasthan—-SoMMERLATTE, 
W. A. (R/C/S—AM-M). 


HERBERT 


JAPAN 
Tokyo 


Yamapa, Yukicus. (M). 


VICTORIA 
Melbourne—Ritcuir, 
(C/S—JFA-AM). 


Joun Gowar 


PHILIPPINE ISLANDS 
Baguio 
J-M) 
J-M) 
Rizal 


(c/s 


Dana, Joun Francis (C/$ 
Farretta, ALviIn Josern. (C/: 


Boguer. 


J-AM). 


Antonio Maria. 
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JANUARY 


10 Delta Section, AIME. Water 
Injection 


10 East Texas Section, AIME 
11 San Francisco Section, AIME 


16-19 Plant Maintenance Show. 4- 
day exposition and confer- 
ence, Auditorium, Cleve- 
land 


17 Gulf Coast Section, AIME 


18 Southwest Texas Section, AIME 


FEBRUARY 
8 San Francisco Section, AIME 





AIME MEETING CALENDAR 


12-16 Annual Meeting, AIME, 
Statler Hotel, New 
York City 


14 Delta Section, AIME 

14 East Texas Section, AIME 

15 Southwest Texas Section, AIME 
21 Gulf Coast Section, AIME 


27-March 3. ASTM committee week 
and spring meeting, Pitts- 
burgh, Pennsylvania 


MARCH 
14 Delta Section, AIME 


14. East Texas Section, AIME 


15 Southwest Texas Section, AIME 


23-25 Department of Geology, Uni- 
versity of Kentucky, and 
Kentucky Geological Sur- 
vey, symposium on minerals 
in southeastern U. S., Uni- 
versity of Kentucky, Lexing- 
ton. 


JUNE 


26-30 ASTM 53rd annual meeting 
and 9th exhibit of testing 
apparotus and equipment, 
Atlantic City, New Jersey 


OCTOBER 


4-6 Petroleum Branch, AIME, 
New Orleans 
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ALLEN, Kenneru Laip- 


CHARLES 


ALEXANDER 


Eu. 


Employment Notices 


The Journat will post notices of men 
and jobs available. Companies and 
AIME members are invited to use this 
space, for which there is no charge. 
Except as noted below, address replies 
to: Code (appropriate number), Jour- 
NAL OF Petroteum Tecuno.ocy, 601 
Continental Building. Dallas 1. Show 
return address on envelope. These re- 
plies will be forwarded unopened, and 
no fees are involved. 

Replies to the positions coded 
Y-2415C, Y-3080, Y-3140 below should 
be addressed to: Engineering Societies 
Personnel Service, 8 West 40th Street, 
New York 18. N. Y. The ESPS, on 
whose behalf these notices are pub- 
lished here, collects a fee from appli- 
cants actually placed. 


PERSONNEI 


@ Petroleum engineer, January gradu- 
ate of large southwestern college, 24, 
single, desires position in engineering. 
production, appraisal. Domestic only. 
Cede 119. 


@ Geologist, B.S., 28, married, desires 
position in exploratory department of 
petroleum or mining company. Code 


120. 


@ Graduate 
M.S. candidate in geologi« al engineer 


ing, 25, 


petroleum engineer and 
married, desires position as 
geologist and/or petroleum engineer, in 
domestic field or abroad. Now employed 
with 114 years’ research in aerial geol 
ogy, 83 hours in geology, and 40 hours 
in petroleum engineering in college 


Salary open. Code 121 


POSITIONS 


@ Assistant or associate professor with 
industrial experience in pe roleum pro 
duction engineering, to teach petroleum 
Salary 


production course open, de 


pending on qualifications. Location 


South. Y-2415¢ 


@ Chemical or petroleum engineer, with 
B.S. or M.S. degree in chemical or 
petroleum engineering. Petroleum or 


natural gas experience required. De 


sign, pilot plant and/or erection experi- 
ence preferred in piping or pressure 
vessels. Prefer man with two or three 
years’ industrial experience after gradu- 
ation. Will assist in preliminary design 
work, piping, and plant layout on draw- 
ing board, material selection, field erec- 
tion and supervision and operation of 
pilot plant equipment in petroleum and 
natural gas field. Y-3080, 


@ Petroleum engineering experts with 
wide knowledge of drilling or refining 
industries are wanted by the Egyptian 
government. Renewable contracts for a 
minimum of one year. Return trips paid. 
Salary and expenses in Egypt depend 
on qualifications. Reply directly to Ibra- 
him EF, 
Royal Egyptian Embassy, Washington, 
D. ¢ 


Imam, Commercial Secretary, 


@ Geologist with about two years’ ex 
perience in the field on exploration and 
report writing for work in British Gui 
ana. Salary, $4200-$4800 a year. Y-3140. 
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GEOLOGRAPH 


MECHANICAL WELL LOGGING SERVICE 
CAN HELP YOU! 


You eliminate much of the ‘‘guess-ti-mating”’ in 
drilling when you have Geolograph's foot by 
foot record to guide you. Among other things, 
this log shows depth and formation changes 
every foot of the way . . . the information you 
need to guide you to a successful completion! 


ODESSA, TEX. © WICHITA FALLS, TEX. © BAKERSFIELD, CALIF. 
SHREVEPORT, LA. © BATON ROUGE, LA. © CASPER, WYOMING 
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HAVE YOU INVESTIGATED 
THE POSSIBILITIES OF 


CATHODE-RAY 
OSCILLOGRAPHY 


IN YOUR 
WORK? 
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Junior Group Activities 


Continued from Page 19 


value of oil, gas and gasoline, present 
worth factor, and rate of withdrawal. 
The current income requirements or 


refinery demand may decide the spac- 


ing program in some instances. Thus 


we see that the economic angle, though 
complex, lends itself to accurate analy- 
sis except for such factors as the future 
price of oil and what money is worth. 
These last two factors the management 
or economists decide for us. If in doubt 
as what to use as the value of the oil 
it is wise to use the current price be 
cause that can always be defended in 
court. 

Mathematics appears to be a logical 
approach to physical recovery and its 
If the oil 


is mined, which would be the case of 


relationship to well spacing 


an infinite number of wells, there would 
be one hundred per cent recovery. On 
the other extreme, if no wells were 
drilled, there would be zero recovery. 
Many 
but due to the complexity and the great 


investigations have been made 


number of variables involved no analyt 
ical or empirical rule formulated to date 
has received universal acceptance 
There are two schools of thought re 
garding the question. Cutler and Tom 
group that 
is affected 
Mid-Con 
tinent oil companies are proponents of 
effect. This 


difference of opinion is accentuated by 


linson are leaders of the 
believe that physical recovers 
by well spacing. The major 
the theory that there is no 
polities. California is less prejudiced 
because there are no State laws regard 
ing well spacing. Millions of dollars in 
capital outlay is invelved in the ques 
tion for some large operators 

Many notable papers have been writ 
ten attacking the problem from both 
the empirical and analytical approach. 
All of there have been criticized by 
equally competent commentators. Stu 
art Clark has made the following com 
“Well 


spacing does have some effect upon the 


ments on the empirical data 


recoveries of oil obtainable from actual 
reservoirs within which fluid flow is 
through capillary openings, within the 
economic limits of operations. The af 
fect will be very slight under conditions 
of very high pressure and temperature, 
high permeability and low viscosity or 
fluids in the vapor phase, but will be 


appreciable under conditions of low 
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pressure and temperature low perme 
ability and high viscosity This state 
ment automatically excludes infinitesi 
mal rates of production, production con 
tinued for infinite time, and “perfect” 
reservoirs. 

In conclusion Van Wingen brought 
out that there is no dependable all-in 
clusive formula to determine optimum 
well spacing and that we know practi 
cally nothing about the relationship be 
tween well spacing and recovery. Well 
spacing is a practical realistic problem 
which must take into account both the 
theory and the economics ~ «& ® 


Southwest Texas Section 
Continued from Page ! 

tuted a normal bottom-hole pressure, 
and why it was possible for an other 
wise normal type re-ervoir to have a 
sub-normal pressure and a lenticular 
sand-type reservoir, entirely surrounded 
by a soft shale media, to have an ab 
normally high pressure 

It was easy to see that a large-grain 
sand reservoir was the most desirable, 
because a fine-grain sand reservoir with 
30 per cent porosity presented about 
4400 sq in. of rough surface area in 
each cu in. of sand to impede the flow 
of fluids through the reservoir; whereas 
large grains of sand with the same 30 
per cent porosity presented approxi 
mately only half the surface area for 
the oil to cling to in its migration t 
the bore hole. With color and magnifi- 
cation, connate water, oil, gas, and 
water in place their subsequent produc 
tion from the sand or retention by the 
reservoir rock, was unfolded 

The reservoir engineer has six things 
to shoot at. He must know the volume of 
fluids in place, the energy available, the 
optimum number of wells and_ their 
proper location for the most economical 
depletion of the reservoir, the type of 


recovery mechanism present and the 


efheiency that can be expected, the 
MER, and the advisability of secondary 
recovery from a workable and economi 
standpoint 

In the 20 years since the reservoir 
engineer, “an illegitimate ¢g 


ated by 


proration came into being 
average recovery ethciency has increased 
from 20 per cent to 40 per cent, but 
unless you know what is going on in 
the pore spaces you can't 


of the oil from the reserve 
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The sulfur content 
of oils, waxes an 
greases is an impor- 
tant measure of the 
value and quality 
of the product. 


Whether the de- 
sired sulfur content 
be high or low, it 
is mecessary to 
know exactly what 
amount is present. 


The combustion 
method offers a 
rapid and sure 
means of determin- 
ing sulfur in the 
wide range of per- 
centages and ma- 
terials encountered 
in the oil and 
grease field. 


The Dietert-Detroit Sulfur Determinator 
embodies the correct principles of the 
combustion method in a simple, rugged 
and convenient form. Complete analysis 
can be made in less than five minutes. 


Carbon determinations on organic com- 
pounds are being 
made in as little as 
two minutes with the 
Dietert-Detroit No. 
3003 Carbon Determi- 
nator. 


This method can be 
applied to any petro- 
leum product. One 
example of the use- 
fulness of this method 
is the analysis of 
cracking catalyst for 
carbon content. 


Leading oil com- 
panies* are taking 
advantage of these 
versatile, time-saving 
determinators. Write 
to Dept. P-4 for de- 
tailed information on 
how you can apply 
rapid carbon and sulfur analysis to your 
problems. 


| \ THE SHELL OIL COMPANY 
*Two typical wSe'S— > THE PURE OIL COMPANY 


CONTROL EQUIPMENT 


[Company | 


9330 ROSELAWN DETROIT 4, MICH. 








Physical Principles of 
Oil Production. 

By M. Muskat. McGraw-Hill Book 
Co., New York, Toronto, London, 1949. 
922 pp., illus., diagrs., charts, maps, 
tables, 914 x 614 in., cloth, $15.00. 

This book formulates and correlates 
our present knowledge of the physical 
principles and facts underlying the 
mechanics of oil production. Chapters 
] to 3 present background material and 
the physical properties of petroleum 
fluids and eil-bearing recks; chapters 
4 to 6 cover the hydrodynamics of the 
flow of a single-fluid phase through 
porous media; multi-fluid-flow — prin- 
ciples and their applications to general 
oil-producing mechanisms are discussed 
in chapters 7 to 11 including detailed 
expositions of gas-drive and water-drive 
reservoirs; the last three chapters treat 


secondary - recovery operations, well 
spacing, estimation of reserves, ete. 
Where feasible, actual oil field data 
are presented as illustrative parallels 


of the theoretical considerations. 


Offshore Petroleum Developments, 
a Bibliography 

By Emory N. Kemler. Southwest Re- 
search Institute, Division of Oceanogra- 
phy and Meteorology, Houston-San 
{ntonio, Texas, 1949. 16 pp., 84ox 11 
in., paper, free. 

This bibliography summarizes the 
liteurature available on deep water op 
erations in connection with petroleum 
production. It includes material which 
has been published relative to opera 
tions in the Gulf of Mexico, Lake Mara- 
caibo, off the California coast and other 
marine areas. It marks the first publi- 
cation of a bibliography on Offshore 
Petroleum Developments, and it is the 
first technical publication of Southwest 
Research Institute’s Division of Ocean 
ography and Meteorology. Requests for 
copies, for which there is no charge, 
should be directed to: The Division of 
Oceanography and Meteorology, South- 
west Research Institute, 312 Oil and 
Gas Building. Houston. 
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Book Reviews 


Practical Petroleum Engineers’ 
Handbook 

By J. Zaba and U 
rev. and er 
Houston, Tex 


charts, tables Ove xX Oe mM, 


T. Doherty. 3 ed 
Gulf Publishing Company, 
is, 1949. 654 pp., diagrs 
, >! leather, 
$10.00 
The third 


reference work contains 162 additional 


dition of this standard 


pages of tables, charts and data. The 
main revisior ire in the sections on 
tubular goods specifications and petro 
leum engineering methods owing to the 
many changes and improvements since 
the last edition 

Some of the basic chemical engineering 


deleted New 
tables and examples are included. The 


material was figures 
several hundred references in the chap 
ter bibliographies are all new, and to 
gether with those of the earlier editions 
constitute a msiderable body of sup 


plementary detailed information 


Petroleum Refinery Engineering 
By W. L. Nelson. 3 ed. McGraw-Hill 
Book Co ew York, Toronto, London 
1949. 830 py illus., 
tables, Gia a 


Of value 


diagrs harts 


. cloth, $9.00 


engineering students 


plant superintendents, engineers and 
chemists, this book presents the funda 


mentals of petroleum refinery engi 
neering, design and processing. In this 
third edition. the main changes include 
new and re 


ed physic al data practi 


cal detail on plant operation; and new 
processes products and operation 
Empire Oil, the Story of Oil 
in New York State. 

By J.P.H k. Dodd, Mead & Com 
pany, New York, 1949. 474 pp., illus 
woodcuts, 9 v6 in.. cloth, 85.00 


This book 


beginning 


relates the story of the 


ad developme nt of the oil 
and gas industry in New York State 


It trace details the people ind 


firms res] ile for the development 


t 


from the covery of the first oil sprin 
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through modern “secondary recovery 
methods. Through the use of contempo- 
rary records and descriptions, the au 
ther has been able to present a graphic 
picture of the impact of the oil boom 


on the regions involved. 


Phase Relationships in Oil and Gas 
Reservoirs, A Series of Lectures 

By Donald L. Katz, Bulletin No. 114, 
Texas Engineering Experiment Station, 
{&M College of Texas, College Sta- 
tion, Texas, 1949. 54 pp., 6x9 in, 
paper, free. 

Composed of a series of lectures by 
Donald L. 


with the early work on phase behavior, 


Katz, this bulletin begins 


includes the development of our knowl 
edge relative to petroleum mixtures, 
and concludes with examples of quan 
titative calculations which can be made 
from information available at the pres 
ent time. Topics discussed are the gen- 
eral phase behavior of fluids, vapor 
liquid equilibria, phase densities, water 
hydrocarbon phase relations, surface 
tension, viscosity and the behavior of 
reservoir fluids. Copies of the bulletin 
may be obtained free of charge by writ- 
ing the Texas Engineering Experiment 
A&M College of Texas, Col 


lege Station, Texas. 


Station, 


Secondary Recovery of Oil 

By O. F. Spencer. Pennsylvania State 
College, Mineral Industries Extension 
Series, School of Mineral Industries, 
State College, Pennsylvania, 1949. 440 
pp., tllus., diagrs., charts, tables, 944 


fy} in., fabrikoid, $4.50 


This book deals with those processes 
that are u-ed for the further recovery 
of petroleum from oil-bearing strata 
after the initial flush production has 
diminished or ceased. Secondary recoy- 
ery by water fleoding and by an injected 
gas drive are treated in detail. Review 
que stions and references follow car h 


chapter eS. & ? 
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PENETRATION 


That's certainly obvious —just as obvious is the 

fact that you don’t bring up any oil when you 

rege es for ames ond pave the “+ go 

into shale or other undesirable formations. Guard 

ing against that is one of the greatest features of WOUSTON - ORLAROMA CITY 
Lane-Wells Better Perforating —a measurement $ Chmaeiam CoMPanT 
accuracy famous in every oil field as the meas- , (Ce SEUVICE CO IN VEMCTOELA 
urement standard of the industry. 


tsk Your Lane-Wells Man 


There's nothing mysterious about it, just scientific 

refinement of every detail. A sensitive and reli- 

able weight indicator, a measuring sheave with 

built-in micrometer adjustment, cables individ- 

ually calibrated, two types of collar locators— 

these, plus the wide experience of Lane-Wells 

crews, achieve unique accuracy in placing the 

shots exact/y where you order them. Penetration? 

Certainly: Lane-Wells deep penetration is an ac 

cepted fact among oil operators.When Lane-Wells 

does the job, you get both — penetration plus Seneral Offices, Expert Offices & Plast 
perfect placement. Ask your Lane-Wells man! S618 So. Sete St, Les Aegeles 11, California 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 


Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 601 Continental Building, 


Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology. 
Discussion will close December 1, 1950. Any discussion offered thereafter should be in the form of a new paper. 








ABILITY OF DRILLING MUD TO 


LIFT BIT CUTTINGS 


H. N. HALL, HOWARD THOMPSON AND FRANK NUSS, MEMBER AIME, 
STANOLIND OIL AND GAS COMPANY, TULSA, OKLAHOMA 


ABSTRACT 


Removal of bit cuttings is an impor 
tant function of drilling muds. In an 
effort to obtain better understanding of 
the factors influencing the removal: of 
cuttings, an extensive series of labora 
tory tests were made in which slip ve 
locities of various sizes and shapes of 
particles were measured in muds ot 
different physical properties. Empirical 
equations were then derived from these 
These 


show that slip velocity is dependent on 


experimental data equations 
cutting size and shape, mud flow con- 
stants, and flow state of the mud. Ap 
plicability of these equations for field 
use is demonstrated by comparing com 
puted slip velocities with slip velocities 


obtained from field tests. 


References are given at end of paper 

Manuscript received at the office of the Pe 
troleum Branch October 28, 1949. Paper pre 
sented at the Petroleum Branch meeting at 
Columbus, September 25-28, 1949, and at th« 
San Antonio meeting of the Petroleum Branch 
October 5-7 49 
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INTRODUCTION 


Drilling muds have many functions 
but perhaps the most important ts the 
removal of bit cuttings from the well 
In a 10.000-ft well, the weight of rock 
which is drilled and must be carried to 
the surface is over 150 tons. In addition 


to this the mud must remove any 


sloughing from the well bore Failure 
of the mud to promptly remove either 
bit cuttings or sloughs from the well 
bore causes re-drilling and excessive 
wear on bit teeth, slows down drilling 
rate thereby increasing well costs, and 
greatly ir eases possibilities for stuck 


drill pipe when circulation is stopped 


for any length of time 


Drillin 


surtace | eans 


s lift bit cuttings to the 
of the upward velocity 
of the drilling mud in the annulus. Be 
cause a densitv difference exists be 
tween the rock being drilled and the 
drilling mud, there is a difference be 
tween mud velocity and the rate of bit 
cutting travel, called the net rise veloc 


itv. To evaluate the ability of any type 
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of drilling mud in respect to lifting 
cuttings, some method must be known 
for predicting the rate of fall of cut- 
tings through mud traveling upwards 
in the annulus. 


Equations for the rate of fall of par 
ticles through a true fluid have been 
-atisfactorily determined by several au- 
thors.’ * Since drilling muds are not 
true fluids, but obey the laws of Bing- 
ham, it should not be expected that 
equations for rate of fall of cuttings in 
a true fluid would be applicable to plas- 
tic fluids such as drilling muds. Several 
authors have attempted to compute cut- 
ting slip velocities in muds using a vis 
cosity value obtained with a Stormer 
viscosimeter; however, unsatisfactory 
results were obtained. Pigott’ took cog- 
nizance of the phenomenon of variation 
of viseosity with velocity in laminar 
flow, and calculated laminar slip veloc- 
ities using a variable viscosity with 
Stokes law, and turbulent slip velocities 
using Rittingers law. 


Drilling muds obey the laws of plas- 
tic flow which involve factors not affect- 
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ing the flow of true fluids. Measurement 
of these plastic flow properties has been 
made possible by means of a rotational 
viscosimeter.” and it has been found 
possible to predict the flow performance 
of muds under actual drilling condi 
tions.” Drawing an anology between 
flow of muds in circular pipes and fall 
of particles through drilling muds it 
was thought that cutting slip velocities 
should be affected by these plastic flow 
properties, and the proper approach to 
the problem of predicting bit cutting 
slip velocities in muds would be to in 


vestigate ‘he relationships between plas 


tic flow properties and slip velocities 


THEORY 


The main problem to be considered 
in deriving expressions for rate of fall 
of particles through a fluid is that of 
the frictional resistance between a solid 
and a fluid in relative motion. If this 
frictional resistance can be expressed 
in terms of physical constants of the 
fluid and particle characteristics, then 
the problem of predicting slip velocities 
ean be solved. The flow of fluids is a 
specialized case of the general case of 
frictional resistance between a_ solid 
and a fluid in relative motion, and the 
parameters which describe this should 
be applicable to cutting slip velocity 
relationships. Therefore, some mention 
must be made concerning the factors 
influencing flow of fluids in pipes 

When a true fluid is in laminar flow 
in a closed channel of any cross section 
the parameters involved in predicting 
resistance to flow are the dimensions of 
the system, fluid velocity, density and 
viscosity. Whether a true fluid is in 
laminar or turbulent flow the viscosity 
is constant. Drilling muds are plastic 
fluids and do not behave as true fluids 
do in laminar flow. For a mud, vis 


cosity is not constant in the 


laminar 
region and decreases with increasing 
velocity up to the critical velocity 
Above the critical velocity, mud changes 
to turbulent flow and apparent viscos 
ity is constant. Due to the phenomenon 
of changing viscosity in the laminar 
region, the mud properties must be de 
scribed by some parameter other than 
viscosity in order to obtain an expres 
sion for resistance to flow for muds 


Bingham’ was the first to derive an 


36 


ABILITY OF DRILLING MUD TO LIFT BIT CUTTINGS 


equation for resistance to flow of pla- Presently used equations for slip in 
tic fluids in the 


place of viscosity 


laminar region. In true fluid should therefore be modified 


Bingham introduced to take this into account 


the terms yield value (t,) and rigidit) It has been shown both theoretically 


(n) and the resulting equation is 


ind experimentally that the resisting 


force acting on a particle moving in a 
true fluid depends on the size of the 
particle. some function of the area, ve 


. . out ‘fore, muds b , 
\ pointed ut bef mud behave Kantee nl the partic Ee ae 


. * ds in irbulent 0 
like true fluids when in turbulent flow fluid, and the density and viscosity of 
k inning s 


should held for the t 


mud in circular pipe 


and therefore equation 


the fluid. By rearrangement of the Fan 


ng equation, a group known as the 


that Fanning’s equation is 


to drilling muds if Reynold’s 
is calculated using 


ent viscosity 

Since flow of flui 
but a spec ialized ise 
law of the resistance be 
and a fluid in relative motion 
seem probable that when parti les art 
falling in laminar slip in a drilling 
mud, the mud will behave like a plastic 
material and for particles in turbulen 


slip. mud will behave like 
| 


with an ap parent 
1 — ARRANGEMENT OF EQUIPMENT 


(uces OF SPHERE OF SAME wocome) 
AREA OF CUTTING 





VS. R, FROM WADELL 
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coefhcient of friction, Cy. is obtained 
and this has been found to be a func- 
tion of the Reynolds number. This gives 
the general relation for frictional re- 
sistance and the following equations are 
an expression of this relationship for 
laminar and turbulent slip. 

viscous flow 


For true fluids in 


05), resistance is proportional 


to viscosity, area, and relative velocity 
and Stokes iaw relates particle slip 
velocity to particle and fluid properties 


Stokes law is 


2¢D 
for spherica 
+f 


particles 


In the turbulent region (Re 2000 


Table | 


Drilling Mud Characteristics 


Laboratory Tests 


lable I 


Cutting Dimensions 


Laboratory Tests 


Glass Sphere 
Glass Rectangle 
Glass Rectangle 
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resistance is largely due to transfer of 
momentum to larger masses of fluid, 
and is proportional to area, square of 
the relative velocity of the particle, and 
density of the fluid. In the turbulent 
region, Rittingers equation shows how 
particle slip varies with physical prop- 
erties of the fluid and the particle. Rit- 


tingers equation ts: 


for spherical 


D (p.— Pm) 


particles 

(3) 
In the transition region, resistance ss 
due to beth viscous and turbulent 
forces, and neither Stokes nor Rittin- 
ger’s equation applies. Even though 
neither one of these equations can be 
ised, there is the relationship between 
C, and Re, and with knowledge of this 
relationship slip velocities can be cal 


culated 


APPARATUS AND PROCE- 
DURE FOR LABORATORY 
TESTS 


Determination of cutting slip veloci 
ties under conditions as nearly like 
those encountered in oil wells required 
the use of a tall pipe column through 
which the mud traveled upwards, a 
method of injecting cuttings into the 
mud stream near the lower end of the 
column, and a sereen for removing cut 
tings at the top. Two systems with this 
type of arrangement were used. One 
was a large seale system having a col 
umn of 4 in. ID pipe with 33 ft of pipe 
from injection point to screen and the 
other had a column of 1.25 in. ID pipe, 
being 9 ft from injector to screen. Mud 
was returned to the reservoir by means 
of another pipe column which had a 
swinging spout so arranged that the 
discharge could be directed into a cali- 
brated tank for measuring volume rates 
of flow. A 500 GPM centrifugal pump 
driven by a gasoline engine was used 
with the large scale apparatus and flow 
rates were varied by means of a hand 
throttle and automobile gear transmis- 
ston \ 


driven by an electric motor was used 


150 GPM centrifugal pump 


with the smaller apparatus and flow 


rates were varied with a by-pass valve, 
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which returned some of the pump out 
A sketch of the 


apparatus is shown in Fig. 1. 


put to the reservoir. 


Each mud was constructed to the 
approximate desired flow properties, 
mixing being accomplished with a jet 
mixer. Circulation of the mud was con 
tinued long enough to make sure flow 
properties would remain constant dur 
ing the test. Mud was then pumped 
through the pipe column and the rate 
was measured. Single cuttings of one 
type were injected and time of travel 
from injector to sereen recorded. 
Groups of cuttings were then injected 
and their rate of travel was timed, after 
which the mud flow rate was rechecked 
This procedure was followed through 
out all tests. Mud flow properties were 
checked during the tests and velocity 
rates were selected at randon so that 
no hysteresis errors would be intro 
duced. All cuttings were artificially con 
structed to the approximate shape of 
actual cuttings. Spherical particles were 
also used to check the application of 
the equations for laminar and turbulent 
slip. Flow properties were determined 


with the rotational viscometer 


RESULTS OF LABORATORY 
TESTS 

A fact well known among those whe 

have experimented with colloids is the 


difficulty 


test results. For this reason a large 


encountered in reproducing 
number of tests were made and the ay 
erage in each series was used. In tur 
bulent flow ranges where mud acts as 
a true fluid the data were accurate to 
within 10 per cent. In laminar flow 
however, results varied from a mean 


value by an average of 15 per cent. 


Flow properties and critical velocities 
Table I. 


These muds cover a greater range of 


of muds used are given in 
flow properties than is normally found 
in actual drilling practice. Dimension 


of cuttings are given in Table Il 


Mud rate and cutting slip velocities 
for each test were separated into two 
parts; turbulent flow of drilling muds 
lable IIL and for laminar flow, Table 
IV. Each of the slip velocities in these 
tables is an average of several teats 


For cuttings falling in turbulent slip 
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the relationship of the coefhcient of This function was constant for a par- 


friction, Cy, to Reynolds number is ticular mud and the correlation of the 
function and yield value, t,, is shown 
in Fig. 5. This relationship enables a 


modified form of Stokes law to be used 


shown in Fig. 3. It should be noted that 
there are two distinct curves, one for 
spheres, and the other for flat or ir 
regular particles in predicting laminar slip velocities. 


In laminar slip, apparent viscosity From the laboratory data, empirical 


is found to be a function of rigidity equations were derived in which cutting 


Paseo ay a 
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slip velocity is expressed as a function 
of cutting characteristics and mud flow 
properties. 


DISCUSSION OF RESULTS 


Turbulent Slip 


Much data has been accumulated by 
various authors concerning slip veloci- 
ties of spherical particles in true fluids. 
Relations between C, and Reynolds 


number for spheres in true fluids have 
Wadell 


has shown that slip velocities of various 


| 


been accurately determined 


flat particles require different Cy vs Re 
values, these relationships being de 
pendent on relative flatness of the par 
ticles (see Fig. 2). Relative flatness 
termed = sphericit is defined as the 
ratio of the surface area of a sphere 
of the same volume as a particle to the 
surface area of that particle. Since the 


majority of bit cuttings are flat it was 


Table II 


Turbulent Slip Data 


Laboratory Tests 


Mud 
Velocity 
ft /sec 


3.91 
95 


‘5 


u4 


Cutting 
Mud 
Velocity 
ft ‘sec 


75 


54 
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necessary to determine slip velocities 
in mud for both flat and spherical par- 
ticles. 
The coefficient of friction, Cy, is de- 
fined as 
2k 
Ap, V. 


(4) 


When the velocity has reached equilib- 
rium; the retarding force on the par- 


ticle is 


| herefore: 


be D, (Pp. — Pw) 
3p, Vo 


- 
(4) 


lhe Reynolds number can be computed 
rom the following relationship: 


3.2 D. V. Pw 
Re in cat ee 
n 


Values of Cy and Re were computed 
from equations (7) and (8) respec 
tively and Cy, was plotted against Re as 
shown in Fig. 3. As can be seen from 
Fig. 3, there is a good correlation be 
tween C, and Re. As it should be, there 
are two definite curves: one curve for 
spheres and one for flat particles. It 
was impossible to draw separate lines 
for varying sphericities from the data 
on flat and irregular particles. Such a 
situation as described by Wadell' prob 
ably exists. but due to the lack of re 
producibility of results in colloidal 
systems and the amount of error intro 
luced by the method of measuring slip 
elocities, the one line must suffice from 
lata obtained. 


From this relation between C, and 
Re for drilling muds it should be pos- 
sible to calculate turbulent slip velocity. 
This is possible, but since there are 
two unknowns, solution must be made 
by a tedious trial and error method. 
Multiplying Cy by (Re)’ gives the fol- 
lowing expression which contains only 


measurable properties: 


13.7¢ Du" (Pe. — Pu) Pm 


a) 
n 

Fig. 4 shows a correlation of C, (Re)’ 

with Re. With this graph it is possible 

» compute values of Reynolds number 
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for any situation, and the corresponding 
slip velocity is obtained from 

n Re 

4.2 D. a, 


(10) 


The equivalent diameter D, used in the 


above equation is the diameter of a 
sphere whose volume is equal to that of 
the particle. For a non-spherical par- 


ticle: 


6 Volume 


D, ‘ . 


The following general equations can be 


used for non-spherical particles: 


te (Re) 


26.2¢ Volume (¢ 


n 


n Re 
(13) 


3.97 p., Vol 
In computing slip velocities care should 
be taken to use the proper line on the 


plot of Cy (Re)* against Re 


Laminar Slip 


Since muds behave like plastic mate 


rials when in the laminar flow region, 


a certain amount of force must be ap 
plied to overcome the yield strength of 
force less than this does 


Muds will 


therefore support cuttings completely 


the mud, any 


not cause shear of the mud 
shear is overcome by 


until the initial 


some means, Stokes law for the resist- 

ance to slip for particles is 

R jm u DV, 
(14) 


Spherical Particles 


Thin Disk Shaped Particles 


16 
R aDV 
5 


(15) 


The force causing slip in a true fluid is 


k Volume (p, — p,.) g (16) 


In a plastic fluid such as mud, how 


ever, this force is reduced due to the 


yield strength and the resulting force 


causing slip is 


I Volume \% 
Area tz 


(Sur 
face (17) 


When the 


reaches an equilibriun ve 


particle indergoing slip 
the two 


(14) o1 


Since ap 


city 
forces acting upon it, ¢ 
(15) 


parent viscosity of a mud changes with 


quation 


and (17), are equal 


rate of flow it was assumed that ap 


parent viscosity would be a function of 


40 


This 


as (Xx) in 


rigidity function 
and with 
slip velocity equations 


are 


Spheri« al Particle 


Flat Disks 


tmtDe (4 


Actual slip veloc 
region of mud flow were 
slip velocities calculated by the 
equations, ve 
though actual and cak 
ities differed widely, it was found 
tual 


differed by 


for any particular mud the ae 


computed slip velocities 


constant factor. This factor itself y 


ried with the yield value, t,, of the 


and therefore a_ correlation 


vield value and the factor x was esta 
lished and is shown in Fig. 5 
relationship, the equations for,slip vy 
locities of spherical and non 


particles in laminar flow were 
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t 
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laminar 
compared with 
above 


omitting the factor x A] 


that 


and 


i 


mt d 


between 


" 


With this 


spherical 


( omple te 


ABILITY OF DRILLING MUD TO LIFT BIT CUTTINGS 


It should be pointed out! that certain 


phenomena observed in cutting slip 


flow. In 
region 1s 


have no counterpart in 


the 


pipe 
pipe flow 


selected as the one which requires the 


flow systems, 
larger pressure drop. In bit cutting slip, 
this would be analogous to a bit cutting 
falling in whichever 


type of slip re- 


sults in the least slip velocity. This is 


not a universal statement however. If 
the mud is in laminar flow, the cutting 
will fall in the type of slip giving lower 
slip 


flowing 


velocities; but in the turbulently 


mud the cutting can fall only 


Thus, in 


fall in 


in turbulent slip. some 


cases 


the bit cutting may turbulent 


slip even though laminar slip would 


be numerically less 


FIELD TESTS 


Having obtained empirical equations 
for bit cuttings slip velocities based on 
laboratory tests, the next problem was 
to see how these equations would hold 
up when used in the field under actual 


yperating conditions 


4 se 


y 


LABORATORY DATA 


Vol. 189, 1950 





H. N. HALL, HOWARD THOMPSON AND FRANK NUSS 


PROCEDURE 


It was decided that without causing 
excessive operating costs, the most ac- 
curate results on cutting slip velocities 
could be obtained by injecting artificial 
cuttings into the circulating system at 
the base of the standpipe and measur- 
ing the time of travel to the shale shak- 
er or some other point where they could 
be caught as they came out of the hole. 


Artificial cuttings used in the field 
tests were circular disks made from a 
thermosetting plastic and barytes. A 
combination of these two materials gave 
the desired hardness and proper den- 
sity, which in all cases was close to 162 
pounds per cu ft or a specific gravity 
of 2.6. These cuttings were developed 
as a result of laboratory experimenta- 
tion. Circular disk shaped particles 
were used because they resemble fairly 
closely in shape the average type of 
cuttings delivered, and for the basis of 
these checks a definite size and weiglit 
particle had to be used in order to 
eliminate any errors due to inexact di- 
mensions. From ten to twenty cuttings 


~ 
8 % 


%& 


ty 


ALCOWLATED SLIP VELOCITY. 1/5 
% * 


2 


were introduced on each run throug 
a special by-pass arrangement on the 
standpipe. Times of travel to the outlet 
point were taken, and corrections wer¢ 
made for time consumed in traveling 
down the flow line ditch in those case 
where cuttings were timed at the shale 
shaker. Pump rates were adjusted for 
a series of runs by use of the hydraulic 
couplings with engines running at a 
governed = spec Frequent checks on 
pump rate were made to be sure it did 
not vary during a particular series of 
tests. Pump efficiencies were checked at 
the same time. Flow properties of eac h 
mud were measured frequently and an 
average used since variations were 
found to be minor. Due to the time and 
expense inv lved in changing mud flow 
properties over wide range, only two 
muds were used in each series of tests 
One check was run using water instead 
of mud as the drilling fluid 
Two series of tests were run. Equip 
ment used varied slightly in the two 
tests, but in both cases the circulating 
system consisted of approximately 1000 
ft of 4% in 


lrill pipe in 9% in. casing 


a” 40 72 ¥ 
OBSERVED $L/P VELOCITY, FF / SO 


FIG. 6 — CALCULATED AND OBSERVED SLIP VELOCITIES FIELD DATA 
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In the first series, cuttings were caught 
at the shale shaker, a Baker retainer 
being used as a bridging plug in the 
casing to insure return of cuttings from 
the bottom. A full opening Reed bit 
jet nozzles removed) was run in on 
the 4! in. drill pipe and circulation 
established with the bit just barely 


clearing the retainer. Returns were 


through 12 in. blowout preventers, a 


7 in. flow line angling at about 30° to 
the outside of the mast superstructure 
and on down a 13-in. pipe flow ditch to 
the shale shaker. Because of the extra 
restrictions and enlargements, it was 
found that cuttings were being slowed 
down and possibly settling out in these 
enlargements at the lower pump rates. 
\lso, some were thought to be lost in 


the recesses of the retainer. 


The second series of tests was made 
with a more convenient way of catching 
cuttings as they came out of the annu 
lus, and resulted in a larger percentage 
of return of those injected. The blow 
out preventers were set aside and a 
side outlet of 7-in. casing made directly 
into the cementing joint of casing. This 
7-in. pipe was enly 5 ft long and dis 
charged the mud into a board flume 
that was covered with 44-in. mesh hard- 
ware cloth. Mud was discharged from 
this flume into a dug suction pit. A sub 
which directed flow back up the annu- 
lus was installed on the open ended 
drill pipe. With this type of arrange 
ment, the erratic return of cuttings 
noted in the first test was entirely elim- 
inated and nearly all the cuttings intro 


duced were recovered. 


Results of the field tests as compared 
with computed slip velocity values are 
shown in Tables V and VI. Three of 
the four muds shown in these tables 
were in turbulent flow in all parts of 
the annulus and at all circulating rates. 
The fourth was in laminar flow in most 
cases and sometimes exhibited turbu- 
lent flow around tool joints and drill 
pipe protectors. There was, therefore 
sufficient data and duplication of re 
sults to evaluate the applicability of 
turbulent slip velocity equations. Lami 
nar slip occurred in only one mud and 
this was run during the first series of 
tests. Some errors were introduced in 
the first test by the flow ditch and these 
were in turn further magnified by the 


high viscosity mud used to bring about 


4) 
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laminar flow. Because of these factors 
it is thought that there were insufficient 
data to compare observed laminar slip 
velocities with calculated values 

For the muds which were in turbu 
lent flow, turbulent slip therefore o« 
curing, the data were more accurate 
and a larger number of tests were made 
than in the case of laminar slip. Be 
cause of these facts it is possible to get 
a better comparison between calculated 
and observed slip velocities. From Table 
V it can be seen that the difference be 
tween measured and calculated slip ve- 
locities ranges from —0.25 to +0.27 ft 
per sec. and from -0.24 to +0.18 ft per 
sec. in Table VI. Numerical differences 
between observed and computed slip 
velocities are of the order of +0.15 ft 
per sec. The deviation of calculated 
slip velocities from the observed slip 
velocities is shown for each test as per 
cent of the observed value in Table V 
and VI. The per cent deviation is ex- 
pressed as the ratio of the difference 
between computed and observed slip 
velocities to the measured slip velocity 
being positive when calculated slip ve 
locities are higher than observed val 
ues. Observed values of slip velocity 
used in computing per cent deviation 
are an average of values at the different 
cireulating rates. The per cent devia 
tion ranges from +45.5 per cent to 
17.8 per cent with an average of these 
ranging from +15 to —10 per cent 
Fig. 6 shows a correlation between cal 
culated and observed turbulent slip 


velocities 


DISCUSSION OF FIELD TEST 
RESULTS 


There are a number of the laminar 
cutting slip velocity measurements 
shown in Table V that are expressed as 
positive velocities. In these, the cutting 
velocity was measured to be higher than 
the average mud velocity. Such a thing 
can be understood when it is realized 
that in the laminar flow region there is 
a parabolic velocity distribution in the 
annular space with a central unsheared 
plug moving at the maximum velocity 
\ cutting which was trapped in this 
plug would probably have no tendency 
to be removed from its position so would 
naturally have a velocity greater than 


the average mud velocity. The phenom 
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enon of a parabolic velocity gradient would tend to move cuttings from one 
‘ould be a possible explanation of slip part of the stream to another, Because 
velocities which appear to be greater of this fact, a cutting could start out in 
than their calculated value. Mud in the a portion of the annulus having a velox 
laminar flow region flows in a series of itv less than the average mud velocity 
concentric shearing layers of mud and and continue in it all the way up the 


there is no turbulence present which annulus. Another possible explanation 
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FIG. 8 — RELATION OF NET RISE VELOCITY AND MUD VELOCITY 


Vol. 189, 1950 PETROLEUM TRANSACTIONS, AIME 


is that some of the cuttings might have 
been momentarily trapped in some part 
of the system. This would tend to give 
measured slip velocities greater than 
calculated values. 

Since data from the laboratory tests 
did not reveal any such difficulty with 
laminar slip measurements, it is thought 
that the shorter travel distance did not 
allow the plug flow or velocity gradient 
phenomena to be so pronounced as they 
were in field tests. The laboratory ap 
paratus had a uniform flow channel 
while tool joints and in the field tests 
drill pipe protectors set up restrictions 
which caused eddies and turbulence 
which could possibly have caused some 


error to be introduced. 


Turbulent slip velocities measured 
from field data were used to compute 
( ind the Reynolds number for the 
iverage slip velocity for each test. These 
values were then plotted on the original 
laboratory cerrelation of C, and Reyn 
olds number. The new correlation is- 
shown in Fig. 7. Although the points 
ire more scattered than laboratory val 
ues, they show the same trend and the 
wide variation is probably due to the 
difference between laboratory and field 
methods of determining slip velocities. 

As the results were being tabulated, 
t seemed that mud velocity had some 
effect on measured slip velocities. This 
was evident in both types of cutting 
slip. The more complex circulating sy 
tem used in the field tests allowed in 
troduction of a number of errors, and 
prediction of the action of the cutting 
was almost impossible due to the 
changes of velocity and eddies and tur 
bulent zones caused by restrictions such 
as tool joints and rubber drill pipe pro 
tectors. It is thought that the higher slip 
velocities noted with lower circulating 
rates was an indication of the above 
factors rather than the true slip velocity 


being affected by circulating rate. 


It has been previously pointed out 
that the average per cent deviation for 
turbulent slip velocity figures was from 

15 per cent to -10 per cent. The 
imount of deviation is not distressing 
when it is remembered that actual nu 
merical differences between observed 
ind computed values were on the order 
of +0.15 ft per sec. Roughness of the 
ystem and methods of measurement 


could account for this magnitude of de 
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viation. On the whole the correlation 
between observed and computed turbu- 
lent slip velocities are very satisfactory 
for engineering use, and qualitative re 
sults fall in 


dicted 


line with what was pre- 


GENERAL DISCUSSION 


With the knowledge that there is a 


means for determining the flow prop- 


erties of drilling muds, and that these 
flow properties can be used to predict 
laminar and turbulent cutting slip ve- 
locities, much greater consideration can 
be given to intelligent design of muds 
to achieve best results in drilling. The 
ultimate aim of the mud program is to 
possible, a 


supply, as economically as 


mud which will: (1) have the proper 


weight characteristics, (2) be able to 
withstand chemical contamination from 
a formation being drilled, (3) be pump 
able’ at all times and not cause exces 


and (4) 


remove the bit 


sive horsepower requirements, 


be able to effectively 
cuttings, thereby lessening the possibili- 
ties of such serious problems as stuck 


drill pipe, excessive re-drilling etc 


In the design of a mud system, assum- 
ing that all the requirements have been 
fulfilled with the exception of the last 
two mentioned above, three main items 


These 


must be considered. factors are: 


(1) with the given what will be 


the minimum mud velocity required to 


Summary of Cutting Slip Velocities 


) 


cuttings, (2) above this mini 


lift bit 


mum velocity what would be the most 
advantageous pump rate, and 
the mud be further treated 
with the added mud costs, an 
advantage could be realize 
lower horsepower requiremen 
for cleaning the hols 
lo illustrate a problem such as stated 
above, the following example given 
Computation of Optimum Pump Rate 
A well 
these characteristics 


Yield value (t 


Rigidity n 


being drilled with mud o 
0.110 lb per sq ft 
0.005 ib per sec f 
Density (»,,)—95 lb per cu ft 

Critical Velocity——3.7 

rhe pump is limited to 
ity of 4.0 ft per sec in the annulus 
To find the most desirable pump rate 


for removal of flat cuttings, turbulent 


and laminar slip velocitie 
puted 
Cutting Size 
Cutting Weight 
Laminar Slip 
rt Dip 


0.11 


equation 


From Fig ’ 

Substitution in 
gives \ 0.0118 
Net rise 


3.64 ft per se 


velocit 


Table \ 
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Turbulent Slip 


835 Vol (P. 
3.3x10 
n 
From Fig. 4, Re 380) 


n Re 


64D» 


0.77 tt per sec 


At a mud velocity of 4.0 ft per sec 
the net rise velocity of the cutting will 
be 3.23 ft per sec 
above data 


Fig. 8 is based on the 


ind shows the relation between ne 


velocity and annular mud velocity in 


both laminar and turbulent flow 

From the example it can be seen that 
the laminar cutting velocity in this pat 
is very small, and cuttings 


lifted at 


ti ular care 


of this size would be almost 


iny pump rate used. To properly insur 


the removal of cuttings and to remove 


as quickly as possible, the next 


them 
problem to be confronted is that of ob 
taining the maximum net rise velocity 
at prac tical pump rates. It can be seen 
turbulent flow at a 


4.40 ft per se will 


that any mud in 
velocity less than 
result in a smaller net rise velocity than 
was obtained with mud in laminar flow 
at 3.65 fit per sec. In the example given 
a pump rate greater than 4.0 ft per sex 
was not possible, therefore, maximum 
cutting lift was obtained at the highest 
velocity at which the mud would remain 


n laminar flow 


l est No. l 


ne O 00506 ¢ sec 
t Vew2? 74 ftw 


bserved Cutting Slit 
Velocity ft, sec 


& *Deviatio 


PETROLEUM TRANSACTIONS, AIME Vol. 189, 1950 





H. N. HALL, HOWARD THOMPSON AND FRANK NUSS 


To illustrate the balance between 
varying the cutting lift ability with in- 
creased horsepower or adding chemicals 
to change mud properties the above 
example is again cited, assuming that 
the annular mud velocity is not limited 
to 4.0 ft per sec. If the net rise velocity 
of cuttings had to be 4.5 ft per sec, the 
mud in its present state would have to 
be pumped at a velocity of 4.5 + 0.77 
or 5.27 ft per sec. Chemical treatment 
of the mud could raise the critical veloc- 
ity to 4.8 ft per sec. With the modified 
mud, laminar slip velocity would be 
about the same as shown in the ex- 
ample and at a mud velocity of 4.6 ft 
per sec the net rise velocity require- 
ments would be satisfied. A knowledge 
of the relative costs of chemicals neces- 
sary for the above treatment and of the 
horsepower costs of pumping at the 
increased rate would allow an evalua- 


tion of this type problem. 


Aside from the design of muds, the 


information presented in this paper 
could be useful in the event of trouble 
resulting from improper removal of cut- 
tings. With empirical equations for cal 
culating bit cutting slip velocities it is 
possible to determine how the mud 
should be treated to decrease slip veloc- 
net rise 


ity thereby increasing the 


velocity. As an example take a case 
where the mud can only be in laminar 
flow and laminar slip prevails. An in- 
crease in either rigidity or yield value 
lifting 


Perhaps the best way to solve a 


would result in an increased 


ability 


Summary of Cutting Slip Velocities 


Wt 


as this would be to add a 
both 


case such 
bentonitic clay. which increases 
yield value and rigidity, and treat with 
a viscosity reducer such as caustic-que 
bracho when the mud became too thick 
to pump efficiently. The caustic que 
bracho would tend to decrease the yield 


j } 


value greatly and change the high 


rigidity only slightly. For cuttings ix 


turbulent slip an increase of rigidity in 
the mud will decrease slip velocity and 
therefore increase the ability of the mud 


io lift cuttings 


Annular dimensions used in the field 
tests were much more regular than are 
usually found in normal drilling opera 
tions, yet it was found that the cutting 


return was erratic. Given an irregular 


shaped open hole, centrifugal forces due 
to drill string 


eddies caused by drill pipe whip and 


rotation, turbulence or 


variation in mud velocity caused by 
the several different outside diameters 
of drill string, it is doubtful in normal 
operations that anywhere near the accu 
racy of the field tests presented could 
be obtained in predicting cutting slip 


velocity. It is felt, however, that if the 
lowest mud velocity n the annulus 

greater than the calculated slip velocity 
of a certain size cutting, that cutting 
ind any others smaller than it will be 
lifted out 


probably 


Time of lifting, however, will 


be longer than calculations 


ll the factors such as re 


will show 


strictions, enl ements, ete would not 


alter the true slip which can be pre 


dicted by empirical equations, but 


lable VI 


Mud 


10 3 ibs /gal 


ty =0 00154 Ibs ‘sq ft 


liameter 
Inches Caleulated 
irbulent 
Cutting 
Slip Vel 
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would change the path of the cutting or 
momentarily deposit cuttings in quies- 
cent pockets of mud. 


CONCLUSIONS 


Slip velocity values computed by 
the turbulent slip equations show 
deviations within +15 per cent of 
slip velocity values measured un 
der actual field conditions. 
Laminar slip equations appear to 
be correct; however, the limited 
data obtained from field observa- 
tions do not warrant any definite 
conclusions. 
Turbulence due to restrictions, 
lrill pipe vibration and rotations, 
etc., may tend to alter the path of 
ipward in the 


cuttings moving 


annular space, causing errors in 
the prediction of cutting 
The ability of a mud to ef.- 


cuttings is not af- 


travel 
time 
fectively lift 
fected by these factors, however, 


{ the annular mud _ velocity 


and 
is greater than the calculated slip 
velocity, cuttings of a desired size 
will all be lifted and none allowed 
to settle back down the hole. 

Results of field trials show that 
these slip velocity equations will 
be a useful tool in the overall de 
sign of mud systems. Use of these 
equations will enable determina 


tion of the most efficient pump 
speed for maximum cutting carry- 


ing capacity, and make it possible 


Test No. 2 
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to see how changing the mud flow empirical slip velocity factor Discussion 


By C. L. Prokop, Production Research 
can aid in the removal of bit cut Division, Humble Oil and Ref. Co., 
tings from the well REFERENCES Houston, Texas 


The authors have presented an inter 


properties by chemical treatment for laminar slip, dimensionless 


Wadell, H., “The Coeffici 
Sa esting paper which should be a definite 
ear tt , . . ~<a sistance as a Function of evnolds 
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‘ termine the carrying capacity of a 
appreciation to the Management of the Institute. 217 1934 trill Auid 
drilling fluic 
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find lische Zeitschrift Bd XXIX p flow the velocity of the mud near the 


porated or will incorporate these 
(1928) wall of the hole is very low. As one 


ings into its operating practice 
goes from the well out into the hydrau 


Pernolet, \ ‘A Vetu 


arations mechaniques s minera 


lic center of the annulus the upward 


NOMENCLATURE lie | mud velocity will increase until it 
ou e ces propres tablir la ; 
- Adina ’ ablit reaches a maximum of about 1% times 

> » ifferent «veterne . -t 
cross sectional area of cutting théorie des different ysten the average. After passing the center it 
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Vines, 4 MD Series XX 
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slip), sq ft one approaches the drill pipe. It is in 


coefficient of resistance (pat this region of laminar flow that the cal 
ticle slip), dimensionless Schulz. P.. “Neue Bestiminungen d culated settling velocities showed their 


Kemstenten d J} — greatest deviation from those observed 


in the field tests. As Hall points out this 


should be expec ted bec aus¢ ot the velox 


particle diameter, ft 
nassen Aufoerei 
equivalent particle diameter 


(2R,), ft 


Kinematogr iph 


ET gy a ty distribution and the irregular flow 


pipe diameter, ft Behene Inconiour channels that the mud may follow. 


These discrepancies may merit some 
Fanning friction factor, dimen ». Sacks, V. K fechnischen Hoct attention as similar experiments have 


sionless schule ve Dresden in erbindun shown that a mud possessing a low gel 


force causing slip mit der k. Sachs rgakad vu strength and moving in turbulent flow 


; often will be more effective in keeping a 


Ib ft/sec /se Treiberg. (1914 





Wee ' hole entirely clear than will the same 
seceteration of gravity > . 
fe Richards, R. H locit i mud made somewhat more viscous and 
“co se 
lena and Quart: lling , flowing in laminar flow. It is true that 


pipe length, ft Trans. AIM] . 1907 oe particle slip velocities will be lower in 


rigidity, Ib /see / ft the more viscous mud but the evidence 


; Bingham, E. C., Fluid ind s is that a large number of cuttings may 
yressure rop > sgt 
| — I ticity. McGraw-Hill. (192 odge in the hole. These particles which 


mud density, Ibs, cu ft became stuck in the more or less stag 
Pigott he . . 
bit cutting density, Ibe/cu fi nant portions of the mud stream neat 
the hele wall will have little or no ten 
warding » - — 
retarding force, Ib ft/sec, se Practic: 1941). 9] ’ dency to be thrown back into the mov- 
nominal radius, equal to ra ng stream. For this reason erratic cut 
dius of sphere of volume equal Beck, | 58 . ting velocities in laminar flow may be 
to that of the particle, ft Dunn, 1 low ypert the rule rather than the exception. In 
, : ” ) , contrast a turbulent mud stream has a 
Reynolds number, dimension of Drilling — ‘ 
‘ mere constant velocity throughout its 
less and rodu 
oss-section and probably washes th 
9.29 
particle thickne wall fairly clean of debris 


vield value. Ibs. s Thompson iliate ) Whether or not these differences le 


lt { Basenburg tween laminar and turbulent flow would 

viscosity, ys t « £ 

plication be sufhcient to cause a dangerously 
ae heenk ar 


particle volume, « large number of cuttings to collect in 


to Mud ¢ 5 
the hole would probably depend upon 
Drilling Wel { . irilline 


mud velocity, ft ‘se lexas Drillir 


critical velocity 
conditions, but acknowledg 
ment should be made of their presence 


particle slip velocity, ft/sec > October 15, 194 * * * 
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THE PRESENCE OF CONDUCTIVE SOLIDS IN RESERVOIR 
ROCKS AS A FACTOR IN ELECTRIC LOG 
INTERPRETATION 


H. W. PATNODE AND M. R. J. WYLLIE, GULF RESEARCH AND DEVELOPMENT COMPANY, 


INTRODUCTION 


In the quantitative interpretation of 
electric log data it is essential to know 
the formation factor, defined as the 
ratio of the resistivity of the formation 
100 per cent saturated with brine to the 


resistivity of the brine.’ This concept 
implies that the formation factor for 
any given rock is constant irrespective 
of the resistivity of the brine or solution 
with which it is saturated. It is appar- 
ent that this can be true only when 
the rock matrix is wholly non-cenduc- 
tive. As reservoir rocks may contain 
clay or shale having an appreciable 
conductance one may expect these con- 
stituents to influence the determination 
of true formation factor. 

The formation factor may be theoret 
ically derived from log data by dividing 
the resistivity of the mud filtrate in 
vaded formation by the resistivity of the 
mud filtrate. Such a method of calcula 
tion has implicit in it the assumption 
that the fluids in the invaded formation 
are wholly replaced by mud _ filtrate. 
that the solid matrix is non-conducting, 
and that the formation factor of the 
invaded zone is identical with the for- 
mation factor of the uninvaded zone. 
Since the validity of the first two basic 
assumptions regarding the insulating 
character of porous matrices and the 


displacement of the interstitial fluids in 


References are given at end of paper 
Manuscript received at the office of the Pe- 
roleum Branch October 4, 1949. Paper pre- 
ented at the Petroleum Branch meeting in 
San Antonic October 5-7, 1949 
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porous media do not appear to be fully 
established, the formation factors of a 
number of cores and clay slurries have 
been measured under conditions suit 


able for verifving the assumptions and 


the extent of any errors inherent " 


them. 


CORE STUDIES 
Apparatus and Procedure 


Resistivity easurements were made 


on short drical permeable cores 
which had been previously mounted in 
lucite. The cores were clamped by 
means of insulated bolts between brass 
plates about em square and | cm in 


thickness. The 


with a ring 


plates were provided 
if to prevent leakage be 
tween them and the core mount, and 
had a central! 
fluids could be 


mounted re rhe 


located orifice so that 

flowed through the 
brass mounting 
plates were used as electrodes and any 


current flow between them necessarily 


passed only through the constituents of 
the intervening core 
Fluid satul and fluid 


flow throug! he core. were eflected by 


tion of the core 


a centrifugal pump conne 
outflow end of the core. thus 

a differential pressure across the 
of approximately one atmosphere 
The proce used was hrst to evac 
uate each means of the pump 
and then t& turate the core with an 
aqueous chloride solution of 


known re The resistance of the 
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core was measured and flow of the solu- 
tion through the core continued for 
ufficient time to establish a constant 
resistance reading. After equilibrium 
had been reached with one solution, an- 
other sodium chloride solution of a dif 
ferent resistivity was flowed through 
the core and the flow continued until a 
constant resistance reading was again 
obtained. This procedure was continued 
until resistance measurements of the 
core had been made with a series of 
olutions within a salinity range from 
1.ON Nal to distilled water. 

The data obtained enabled the ap 
parent formation factor of given porous 
rocks when saturated with fluids of dif 
ferent resistivity to be computed and 
ilso provided information regarding the 
ibility of an invading fluid to displace 
nterstitial water from a core. 


Results 


Berea Sandstone — The first core 


examined was a@ specimen of Berea 


» 


indstone.* This core had been cut es- 
sentially parallel to the bedding fo: 
permeability studies. The core was 
clamped in the core holder and sat- 
irated with 1.ON NaCl solution and the 
resistance determined. It was subse 
quently flushed and the resistance meas- 
ired when saturated in turn with 0.1N, 
0.025N, O0.0IN, .0OSN sodium chloride 
distilled 


vater. In flushing the core with each 


solutions and finally with 


All cores used were about 5 em. in length 
! m in diameter 
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solution, a large number of pore vol 


umes was passed in each case and the 


saturated core allowed to rest for pe 
riods of 12 to 24 hours to insure mixing 
by diffusion of the saturating solution 
with any remaining unflushed solution 
of a different salinity. It was found that 
this precaution was unnecessary as, in 

essen- 
fluid is 


volumes 


with findings, 


all of 
the first few 


accord previous 


tially the saturating 


flushed by pore 


of invading fluid. 


It became evident from the resistance 


measurements that the calculated for 
mation factor of the core was not inde 
pendent of the resistivity of the satu- 
rating solutions, the calculated forma- 
tion factor decreasing as the resistivity 
of the saturating solution was increased 
It was apparent that current was being 
conducted through the core in part by 
some medium other than the saturating 
solution. Such conduction could be at 
tributed to certain solid constituents in 
the rock and presumably to wet clay 
the form either of dis 


streaks. 


components in 


seminated particles or shale 


Inspection of the data indicated that 
the total conductance of the core in 
each case appeared to be equal to the 
solids 


saturating 
that the 


sum of the conductance of the 


and the conductance of the 


solution. Calculations showed 
and 
of the 
solid materials was essentially constant, 


the of the 


relationship was being followed 


established that the conductivity 
irrespective of conductivity 


saturating solution 


rhe 


Berea core are given in 


for the 
Table I. The 


may be defined 


data and calculations 
true formation factor, I 
that the 
solid 


The true forma 


formation tactor core 


as the 


would have if none of the mate 


rials were conductive 
tion factor thus expresses the texture 
of all the solid constituents of the rock. 


Fa, is 


core, 


The apparent formation factor 


the measured resistivity of the 
the 
The 


bec omes 


Pes divided by the resistivity of 


fluid with which it is saturated, p 
apparent formation tactor 
smaller as the resistivity of the saturat 
ing fluid is increased since the effect 
of the parallel resistance resulting from 


solids then becomes rela 


Thus, i 


factor 


conducting 


tively good value for 


greater 


true formation can be obtained 


by saturating cores with solutions of 


making a 


The 


very low resistivity when 


measurement of tormation tactor 


48 


the 


the cor 


the resistivity of 


values given for 
core, ep... the resistivity due to 
the core 


fluid a 


ductive solids as distributed in 
resistivity of the 


the 


pr, and the 


distributed in core f are com 
puted from the relationship 


l l 


(1) 


The relatively good agreement be 
tween the measured and computed v al 
ues of p., when p, is a constant demon 


strates the essential validi 


relationship 


Stevens Sandstone 
nvestigate further the effect 
ductive solids in reservoir rocks 
Paloma 


of Stevens sandstone trom the 


field, California was obtained core 
was selected because of it 
clay content, it being th 


specimen would have a relatively 


solid 


clay constituents 


conductivity as a result 


The core was extracte remove 


residual oil, and then mour 


urated with solutions 


sistivity in a manner idetr 


employed with the Berea 
Data 


sandstone 


relating to the core 


are given in 


relatively close agreemet 
measured and computed 
is apparent. The computed 1 
based on a resistivity to 
solids, of 35.7 ohm 


true formation 


lable 


Measured and Calculated 


Data for Rock Cores With and 


Because of the high clay content, the 
actual permeability of the Stevens core 
to water was very low. Consequently, it 
was not practicable to flush this core 
with large volumes of solution as was 
done with the Berea core, only about 
three pore volumes being flowed before 
each measurement was made. Some- 
what closer agreement between the cal 
culated and measured resistivities might 


had 


umes of solution been flowed to insure 


have been obtained greater vol- 
more complete replacement of the in- 
terstitial solution by the invading solu- 
tions. 

Nichols Buff Sandstone — Th« 
effective conductivity of the solid mate 
rials in a core of relatively clean Nich- 
ols Buff sandstone was determined. The 
with 1.0N 
distilled 
water. The data for this core are given 


in Table I. The of the 


conductive solid constituents is high, 


core was saturated in turn 


sodium chloride solution and 


resistivity, Pr, 


being 2230 ohm-meters, and the calcu- 


18.4 


lated formation factor is 


Alundum In order to establish 


whether or not any of the conductivity 


attributed to solid conductive material 


in cores was actually due, in part, to 
ineffective flushing of fluid in the core 
by the invading fluids, the conductivity 
of an alundum core when saturated 
with different solutions was determined. 


It was found that the formation factor 


Without 


Conductive Solids 
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of the core was constant when saturated 
LON NaCl or IN NaCl 


solutions, and that the first few pore 


with either 


volumes of the invading fluid appeared 
to replace all of the solution with which 
the core was saturated. The conductiv- 
ity of the solids constituting the alun- 
dum core was thus zero, and the forma- 
tion factor caleulated at 12.4. The data 
for the alundum 


Table I. 


core are given in 


Discussion 
The 
that 


results obtained demonstrate 


reservoir rocks which contain wet 


clay or other conductive solids may 
have appreciable conductivity as a re- 
sult of the presence of these materials 
in addition to the conductivity of the 


pore water In the cores examined the 
total measured conductivity is equal to 
the sum of the conductivity of the 
water in the pores and the conductivity 
of the solid material. It was found that 
the conductivity of the solid material 


in each core was essentially constant 
irrespective of the conductivity of the 
fluid which occupied the pores. 

The number of pore volumes of solu 
tion necessary to displace effectively the 


fluid in 
appears to justify the assumption for 


original interstitial the cores 
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a water sand that in the invaded zone 


surrounding the borehole the original 
substantially 


filtrate 


connate water has been 


100 per cent replaced by mud 
In the case of 


an irreducible 


invasion of an oil sand 


amount of oil must, of 


course, remain undisplac ed 


SLURRY STUDIES 


Although the 
L/p, + 1/e, was found to hold for the 


relationship 1/p, 


four examined, further study of 


cores 
the relationship with core material was 


not practicable because the only paran 


eter that could be varied in any given 


core was the resistivity of the saturating 


solution. As mud slurries are analogous 


to porous rock and the type and quan 


tity of the mmponents may be varied 


at will, a series of mud slurries wer: 


prepared, and their properties meas 


ured. From these data further informa 


tion regarding the above relationship 


was obtained 
Apparatus and Procedure 


slurrie . 


different 


imber of 


\ large 


were 


aqueous 


made waters of 


sing 


resistivity nd various proportions and 


volumes of commercial grade fuller’s 


Table I 


Data 


Different Slurries Having a Constant 


Volume 


of Conductive Solids 


Percent solids by 
Water resistivity, ( 9¢ 

Apparent formation factor, (Fy 
Formation factor, p-ts)° 
Measured resistivity of sh 
Resistivity of solid phase, (of 
True resistivity of slurry, (Ow 


volume 


All resistiv ohm-meters 


*A value of 1.6 for 


, type 
1s reported previously by H. W. 


slurries of this 
| /. Patnode.* 


Table II 


Data for Slurries Having Different Volumes of Conductive 


Solids 


and Constant Fluid Resistivity 


Percent solids by volume (1—P).100 
Water resist: 2c 

Apparent formation factor ( owa/>« 
Formation factor P< 
Measured remstivity of slurry (wa 
phase (?f 

vity of slurry (Ow = Fox 


Resistivity of sol 


True resist 


Vol. 189, 1950 


PETROLEUM TRANSACTIONS, AIME 


eat h 


T.P. 2797 


earth* and powdered silica. As silica 
is non-conductive and fuller’s earth has 
an appreciable conductance when wet, 
of the solid 
well 


the effective conductivity 
constituents could be varied as 
as the conductivity of the fluid. 


Fuller's earth was used as the con 
ductive solid principally because it i+ 
not readily dispersed and the floccu 
lated clay settles out of suspension 
rather rapidly, thus expediting the ex 
other conductive clay 
this 


have been equally satisfactory. 


periment, Any 


material having property would 

rhe procedure for investigating the 
slurries was as follows. Known volumes 
of solids and fluid were placed in a 
glass tube 30 mm in diameter and 50 
cm in length, the tube being closed at 
one end. After addition of the materials 
(whose volume never exceeded about 
one-half the capacity of the tube), the 
open end of the tube was closed by a 
rubber stopper through which was in- 
serted a dipping-type resistivity cell 
having platinized platinum electrodes. 
rhe 


ind the tube then clamped vertically to 


slurry was agitated thoroughly, 
allow the solids to settle. The slurry was 
then reduced to the desired volume by 
pipetting off of the 
fluid. The resistance of this fluid (or 
filtrate), the 
slurry in the tube was then determined 


part supernatant 


and resistance of the 
with the resistivity cell using a Kohl 
rausch bridge and telephone. The re 
sistances were corrected to resistivities 
by multiplying by the cell factor. All 
resistance measurements were made at 
room temperature, i.e., about 26°C. The 


in Tables Il, HL and IV 


are measured resistivities and the rela 


data given 


tively small corrections necessary to 
relate them to a constant temperature 


have not been made. 


Results 


In Table Il are given the measured 
and calculated data for three slurries 
which are identical except that the re 
sistivity of the solution in each slurry 
was different. The solid constituent in 
case was fuller’s earth. As in the 


ores already discussed, the resistivity 
if the fluid was the only parameter that 
was varied, and the calculated resistiy 
ty of the solid phase is essentially con 


-tant. While the true formation factor is 


* Ra attapulgite clay 
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constant, the apparent formation factor 
decreases as the water resistivity in- 


creases. 


The data given in Table III are for a 
series of slurries made with fuller’s 
earth in which the solution resistivity 
was kept constant and the per cent 
solid material, and consequently the 
formation factor, was varied. The data 
show the effective decrease in the re- 
sistivity of the slurry and consequent 
decrease in apparent formation factor 
as the percentage of conductive solids 
in the slurry is increased. Data from 
this table, plotted in Fig. 1, show an 
apparent linear relationship between 
per cent solids by volume and the con- 
ductivity of the solid phase for a series 
of slurries having a constant solution 
resistivity. A linear relationship indi- 
cates that the conductivity of a unit 
volume of the clay is constant irrespec- 
tive of the total volume of clay in the 
slurry. 

Table IV gives the data for a repre- 
sentative series of slurries containing 
both conductive and nonconductive sol 
ids, the percentage of conductive solids 
by volume varying from 22.8 to 100 per 
cent. In this series, measurements were 
first made on a slurry containing only 
fuller’s earth followed by measurements 
of the slurry modified by adding incre 
ments of powdered silica. The value for 
resistivity of the conductive solids, p., 
given in the table is that calculated by 
application to there data of the rela 
tionship 

l N* l 
(1 
Po p F 
where, resistivity of slurry 
resistivity of conductive 
solids, 
fraction of solids, by 
volume, that are conduc 
tive 
an arbitrary exponent, 
true tormation tactor 


resistivity of solution 


The validity of the relationship 1s 
shown by the relative constancy of the 
calculated value of p. given in Table 
IV. Besides the data given, this rela 
tionship was further confirmed by cal- 
culations on eleven additional slurries. 
The value of the exponent, x, was found 
to be approximately equal to one 
doubtless because of the rather uniform 
distribution of the conductive and non 


conductive solids 


50 


It should be recognized that the cal 
culated resistivity of the fuller’s earth 
p.. is only a relative value and is not a 
value for the resistivity of the clay when 
dry. The conductivity of the clay when 
in an aqueous system results in part 
from dissociation of the clay minerals 
This dissociation is a function of the 
number and types of exchangeable 
ions on the clay, the extent of disper 
sion of the clay, the particle size, and 
other factors. The calculated value of 
conductivity is thus only a true value 
for the particular conditions under 
which the resistivity measurements are 


made. 


EFFECT OF CONDUCTIVE 
SOLIDS ON LOG 
INTERPRETATION 


True Formation Factor 

It is clear that if reservoir rocks con 
tain conductive solids the formation fa 
tor calculated from the ratio of the 
resistivity of the invaded zone, p,, to 
resistivity of the mud filtrate, p,,,, (01 
the more common relation for a water 
sand, p, /p. where p, true resistivity 
of the sand and p resistivity of the 
connate water), is an apparent forma 
tion factor which may differ consider 


from the true formation factor 


ably 

It is an essential for reliable log in 
terpretation that the true formation 
factor be obtained. For 100 per cent 
water-bearing sands an expression for 
the true formation factor may be de 
rived from log data as follows 
Since p, has been shown to 


stant, we have 


By difference, 


(Pin — Pwa) Pe Pmt 
Where, p,.. = mud filtrate resistivity 
p. = formation water resistiv 
ity, 
true resistivity of the 
water-bearing formation 
(with solid conduction 
eliminated ), 
true resistivity of the 
water-bearing formation 
from log data, 
true resistivity of in- 
vaded zone from log 
data, 
true resistivity of the 
invaded zone (with sol- 
id conduction — elimi- 
nated, 


F true formation factor. 


The true formation factor of oil or 
gas-bearing reservoirs containing con- 
ductive solids cannot be calculated in 
this manner since the presence of hy- 
drocarbons precludes a value for p,, 
being obtained directly from the log. 
The true formation factor of such res- 
ervoirs must be extrapolated from ad- 
jacent water sands or from the reser- 
voir rock below the oil-water contact if 
such a contact exists. Such an extrapo- 
lation must first be justified in the light 


of geologic conditions 


Resistivity Index 


The resistivity index of a formation 
will also be modified by the presence 
of conductive solids. For example, the 
resistivity of the Stevens sandstone con- 
sidered above theoretically could not 
exceed 37.5 ohm-meters, even in the 


event of all the available pore space be 


Table IN 


Data for Slurries Containing Different Percentages of Both 


Conductive and Noneconductive Solids 


Percent so 
Percent solid 
Water resustivity 
Apparent format 
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ing occupied by oil. Thus the maximum 
apparent resistivity index of this forma- 
tion will also be relatively small. 


The water saturation-resistivity index 
relationship for the Stevens sandstone 
core examined is shown in Fig. 2, when 
p. = 0.3 ohm-meters, p, = 37.5 ohm- 
meters and F = 30.6. The curves are 
drawn on the assumption that the re- 
sistivity index = 1/S", where n = 2, 
the value customarily assumed in log 
interpretation. The upper curve is the 
one obtained if there are no conductive 
solids or if the influence of conductive 
solids is eliminated by computation. 
rhe lower curve is based on the forma- 
tion resistivities at various saturations 
which would obtain if the effect of 
conductive solids were ignored, and is 
calculated from the data given above. 
It may be noted that one effect of con- 
ductive solids is to give a resistivity 
index-saturation curve which could be 
interpreted in terms of variable and 
spuriously low values of the index n. 


CACULATION OF AMOUNT 
OF CONDUCTIVE SOLIDS 
IN FORMATIONS 


In consideration of the relationship 
found for reservoir rocks discussed 
above, there appears to be no theoreti- 
cal objection to extending the relation- 
ship established for slurries to include 
reservoir rocks. If this is true, a figure 
expressing the approximate percentage 
of shale or clay in reservoir rocks can 
be calculated in those cases where the 
electric log data permit the derivation 
of the true formation factor, F, the 
resistivity of the conductive material as 
distributed in the core, p;, and the re- 
sistivity of the shale or clay in the for- 
mation, p,. The latter resistivity may be 
assumed, to a first approximation, as 
the resistivity of the shales in the sec- 
tion adjacent to the sand investigated. 


For example, using the value of p, = 
37.5 ohm-meters for the Stevens sand- 
stone obtained above and taking the 
average value of 2 ohm-meters from 
electric logs as the resistivity of adja- 
cent shale, the calculated per cent of 
solids in the core that are conductive 
is found to be 5.6 per cent by volume 
if Equation (2) is used. It is assumed 
that the distribution of conductive and 
nonconductive solids is such that x l. 


The extent of the variation of x for 
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rocks and the practical applicability of 


Equation (2), has not yet been estab- 


lished. 


SUMMARY 


Several cores of reservoir rocks and 
a large number of slurries were studied 
and it was found that when conductive 
solids, such as wet clays, are present in 
the cores the calculated or apparent 
formation factor is less than the true 
formation factor. The true formation 
factor is defined as the formation fac- 
tor that the rock would have if none 
of the solids in it were conductive. The 
apparent formation factor is thus not 
constant but decreases as the resistivity 
of the saturating fluid is increased. 

It was established that the over-all 
conductivity of a core is the sum of 
the quotient of the true formation fac- 
tor and the conductivity of the inter- 
stitial fluid and the apparent conduc- 


tivity of any conducting solid material 
as distributed in the core. The conduc 
tivity of conducting solid materials ap 
pears to be essentially independent of 
the conductivity (salinity) of the inter- 
stitial fluid in the core 

Attention is called to the errors 
which may be made in the determina 
tion of formation factor and resistivity 
index from electric log data if the ef 
fects of conductive solids are not con- 
sidered. 

A method of determining the approx- 
solids 


present in reservoir rocks when basic 


imate quantity of conductive 
data can be obtained from the electri 


log is proposed and an example given 
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SQUEEZE CEMENTING OPERATIONS 
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ABSTRACT 


Laboratory and field testing of va- 
rious squeeze cementing techniques and 
materials revealed that many improve- 
ments could be made in squeeze ce- 
menting operations. The use of a slow- 
pumping squeeze cementing procedure 
permitted the control of the quantity of 
cement displaced into a formation and 
aided in obtaining a high final squeeze 
pressure. Field testing indicated the 
desirability of obtaining high final 
squeeze pressures, the need for im- 
proved formation breakdown fluids, and 
the necessity of controlling the pres- 
sure differential during testing after a 


squeeze job. 


INTRODUCTIO} 


During the past few years, squeeze 
cementing operations have been investi- 
gated, both from the theoretical as well 
as the practical point of view, in an 
effort to arrive at some solution to ihe 
many and varied problems that arise 
with this type of operation. A review 
of well files indicated that in many in- 
stances, wells were being squeeze ce 
mented four and five times before a 
satisfactory pressure buildup was ob- 
tained. There seemed to be consider 
able variation in opinion as to the 
proper method of squeeze cementing, as 
well as disagreement as to the proper 
ceived at the office of the Pe- 
m Branch ptember 29, 1949. Paper 


resented at the Petroleum Branch meeting in 


San Antonio, October 5-7, 1949 
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breakdown agent, the quantity of ce 
ment that should be used, type retainer 
and length of WOC* time that was 
necessary. Consequently, it was deemed 
advisable to approach this problem the 
oretically, field testing each idea devel 
oped in hopes of eventually arriving at 


a squeeze cementing procedure that 


would give reasonable assurance of a 
successful job after one squeeze ce 
menting operation. This investigation 
was, therefore. divided into two broad 


l 


headings Preliminary studies 
which include both theoretical and lab 
oratory studies, and (2) Field investi 
gations to determine the proper squeeze 


cementing methods. 


PRELIMINARY STUDIES 


Overburden Pressure Studies 


Squeeze cementing problems are so 
intimately related to the earth’s over 
burden pr ire that solutions to them 
are very difficult, if not impossible 
without ar inderstanding of the nature 
and magnitude of the overburden pre 

sures en tered at the depths ol pro 
ducing wells. It was thus felt that the 
first approa research on squeeze 
cementin hould be made through a 


study of the e pressure 


Since there has been rather loose 


ber of the terms related 
pressure by different 
erms to be subseq rently 


lehined here 
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Theoretical overburden pressure is 
the calculated pressure at any given 
depth exerted by the theoretical weight 
of overlying formations as calculated 
from the average rock density. 

Fluid displacement pressure is that 
pressure at which fluid can be injected 
into a formation after it has been brok- 
en down. It may be more or less than 
the theoretical overburden pressure. 
breakdown 


Formation pressure is 


that pressure at which a formation 
parts or breaks and is usually thought 
of as fluid displacement pressure plus 
rock strength. 

Breakdown agent is that fluid with 
which the formation is fractured. 

The first step in the study of the 
earth's overburden pressures involved a 
review of pertinent technical literature. 
The general opinion expressed was that 
the overburden pressure gradient of the 
earth's formations is roughly 1.0 psi per 
foot of depth, and that application of 
sufficient pressure to stratified forma- 
tions will cause them to part at or 
parallel to the bedding planes. 


The second step in the study of over- 
burden pressures involved a study of 
available well data in an effort to ob- 
tain some definite information as to 
the actual values experienced in the 
field for the above mentioned terms. 
Data from 115 cement squeeze jobs in 
the Gulf Coast area and 46 cement 
-queeze jobs and acid jobs in the West 
lexas-New Mexico area were closely 
analyzed. 

The analysis of these data showed 
that the average formation breakdown 
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pressure prior to squeeze cementing was 
less than 1.0 psi/ft of depth. The fluid 
displacement pressures, however, va- 
ried so greatly with depth due to struc- 
tural stresses in the earth and elasticity 
of the earth's formations, that they 
could not be defined in general terms. 
For example, they were found to vary 
from 0.75 to L.11 psi/ft at 2,000 ft, 
and from 0.57 to 0.85 psi/ft at 8,000 ft. 
Neither formation breakdown nor fluid 
displacement pressures varied linearly 
with depth. In general, it was found 
that the effective overburden pressure 
at a given depth, as determined from 
field data, was less than the theoretical 
pressure or the pressure calculated 
from the rock densities. This discrep- 
ancy can probably be best attributed to 
two factors. During the injection of 
fluid into a fracture in a formation, the 
entire overburden probably is not ac- 
tually lifted by the injected fluid. The 
forces exerted in injecting the fluid 
probably tend to deform the rock in 
the vicinity of the fracture by a com 
bination of bending and compressing, 
such that the actual overburden weight 
resisting deformation is measured from 
the formation fracture to some neutral 
plane well above it. The second factor 
tending to reduce the fluid injection 
pressure, as compared to the theoreti- 
cal overburden pressure, is the struc- 
tural position of the formations above 
the fracture. In some cases it is believed 
that the structure of the formations 
above the fractured section of the well 
bore may tend to support by beam or 
arch some of the weight of the over- 
burden 

Some of the more pertinent data ob- 
tained from the review of available 
well files are plotted on Fig. 1, which 
presents the average formation break- 
down pressures and average fluid injec- 
tion pressures for the Gulf Coast and 
West Texas-New Mexico areas. Fig. 2 
presents a comparison between the the- 
(rock 
density method) and the fluid displace- 


oretical overburden pressures 


ment pressures obtained from field 
data. Shown also is a comparison of 
the corresponding overburden pressure 
gradients. The reasonably close agree 
ment between the theoretical overbur 
den pressure and the average field data 
at the shallow depths probably explains 
why many observers have concluded 
that 1 psi/ft of depth is applicable to 


deep well squeeze cementing operations 
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It is interesting to note that, while the 
161 wells used in the initial survey rep- 
resent only a small portion of the total 
number of wells that have been squeeze 
cemented, the data obtained from these 
wells have been proved by subsequent 
field testing to be reasonably accurate 
thus affording a means of estimating 
the breakdown and injection pressures 
that will be encountered during squeeze 
cementing operations 

While the information obtained in 
this theoretical investigation of pres 
sures encountered in squeeze cement 
ing operations did not offer any defi 
nite proof of what actually takes place 
down a hole, it did show that the pres 
sures encountered on squeeze cement 
ing jobs are sufhcient to fracture and 
subsequently displace the fluid being 
squeezed out into the formation. This 
preliminary investigation indicated a 
definite need for extensive laboratory 
and field testing to establish whether 
or not cement is forced out into forma 
tions during the squeeze cementing op 
erations. The answer to this question 
would permit steps to be taken to con 
trol the penetration of the cement slur 
ry into the formation, which should in 
crease the effectiveness of squeeze ce 
menting operations. It was in effort 
to obtain an answer to this last ques 
tion that the next series investiga 


tions was made 


Laboratory Shallow Well 
Experiments 


During the past several years an ex- 
tensive research program on squeeze ce- 
menting has been conducted with the 
objective of improving squeeze cement- 
ing operations. The initial portion of 
this program involved test work in wells 
at very shallow depths. A_ relatively 
hard sandstone was found a few feet 
below the surface in the test wells, mak 
ing extensive testing of various cement- 
ing operations possible. These wells 
were drilled. squeezed using various 
techniques, and later excavated to ob- 
serve the results. 

Among the questions to be answered 
before improved squeeze cementing pro- 
cedures could be recornmended were: 

1. Where does cement go during a 

squeeze job? 
Where does cement go during suc- 
? 


cessive squeeze jobs? 


Should mud or water be used to 
break down formations prior to 
squeeze cementing / 

Can cement be spotted at any de- 


sired elevation in the formation ? 


Will the cement that is forced out 
horizontally completely surround 


the well bore? 
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6. Can perforations in casing be 
readily plugged by squeezing ce- 


ment ¢ 


How can the quantity of cement 
placed out in the formation be 


controlled ? 


The ability to answer these questions 


by laboratory shallow well tests de- 
pended entirely upon the assumption 
that the results so obtained would at 
least reflect the behavior of cement 
slurries on squeze jobs at depths en- 
countered in the field. How these shal- 
low well tests compare with the actual 
behavior of cement in field practice is 
dificult to determine. The first impres- 
sion is that, owing to the great differ- 
ence in pressure at 10 ft and 10,000 ft. 
the behavior of cement slurries squeezed 
different 


tirely different. However, a comparison 


out at levels should be en- 
of the results of shallow well tests with 
the results obtained in coring two deep 
wells, discussed later in this paper, sug- 
gests that certain parts of the shallow 
well experiments reflect fairly accurate- 
ly the actual behavior of cement slur- 
field cementing 


ries during squeeze 


operations, 
The first investigated in the 


shallow well tests was the question of 


point 


where cement goes during a squeeze 
job. There are three main ¢chools of 
thought on this question. One group 
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holds that slurry squeezed 


against 


ement 
formations tends to compress 
soft sands and shales around the well 
bore thereby enlarging it. The pressure 
buildup at the end of the job is be 
lieved to be a result of maximum com 


paction of the formations. The second 


group believes that cement = slurry 


squeezed in a well tends to follow a 


vertical path behind the primary ce 
ment job displacing any mud and mud 
filter cake 


buildup being a 


present, with the pressure 
result of both filling 
the space behind the pipe and dehydrat 
ing the cement against the formation 
The third group holds that formations 
are fractured before injection of the ce 
buildup 


ment and that the pressure 


at the end of the job is a result of 
dehydration of the slurry in the fra 
ture and about the well bore. In actual 
field practice probably all three schools 
of thought are partially valid with no 


How 


experiments, that 


one theory being entirely correct 


ever, shallow well 
will be described later, gave evidence 


of only limited vertical movement of 
the cement slurry behind the pipe with 
a predominance of the cement being 
forced into the previously fractured for 
mation in sheets or pancakes about the 
well bore 

wells were 


Several shallow squeeze 


cemented in an attempt to clarify this 


point. The first well was drilled to a 
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depth of 94 ft with 3-in. casing set at 

ft in solid sandstone. The formation 
was broken down with water at a maxi- 
mum pressure of 850 psi and 15 sack- 
of standard portland cement slurry 
were squeezed into the formation. A 
maximum squeeze pressure of 1500 psi 
was obtained. Before and after the 
squeeze cementing operations, ground 
elevations were taken at four stations 
spaced at 90 


rhe following 


five ft from the test well. 


tabulation shows the 


results of this test: 


on Ground Elevations 


Effect 
of Squeezed Cement 


Ruse in Ground 
Location Elevation 
Northwest of well 
Northeast of Well 
Southwest of Well o43 
Southeast of Well | 360 
Average Rise in Ground Elevation 740 


430 inches 
5NA 


These data strongly indicate that tue 
cement slurry was squeezed out in a 
horizontal sheet or “pancake” parallel 


to the bedding planes and actually 
lifted the overburden. This proved to be 
the case when this well was excavated 
to observe the results. A cement pan 
cake 1% in. 


eral spread of 360 


to 2 in. thick, with a lat- 
around the well 
bore, was found just below the casing 
seat. This cement spread laterally fron 
the well bore more than five ft (extent 
of the 


Fig. 3 shows a sample of the cement 


excavation) in all directions. 
pancake in a piece of the hard sand- 
stone removed four ft from the well 
bore. 

A total of 15 
squeeze cemented during this series of 


shallow wells were 


laboratory tests, and in each case the 


cement spread horizontally from the 
well in relatively thin sheets approxi- 
mately parallel to the bedding planes. 
If a zone of weakness such as a clay 
streak or bedding plane was encoun- 
tered, the cement followed this zone of 
weakness. In some instances vertical 
fractures, which were generally believed 
to be caused by weathering, were en- 
countered a few feet from the well bore 
and the cement followed these fractures. 
In only a few instances was any ce- 
ment forced vertically between the cas- 
ing cement and the formation. In these 


e 


test wells only a small portion of the 
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total slurry lost in this 


direction, 


cement was 


with the major portion of 
the cement slurry being displaced hori- 


This lack 


of vertical movement of cement 


zontally into the formation 


slurry 
is probably accountable to the fact that 
good cement jobs ob- 


primary were 


tained in all test wells. In no case was 
the formation noticeably compacted or 
back, 


slurry forced into the interstices of the 


squeezed nor was the cement 


sandstone 
After shallow 
well the 


squeezed cement slurry traveled in a 


determining in these 


tests that the majority of 
horizontal direction from the well bore 
the question arose as to where the ce 
ment goes when a well is squeezed and 
lo investi- 


drilled 


pipe 


resqueezed at the same level 
gate this problem a well 


to a total depth of 7 ft 


was 
bin set 
and cemented, and the well deepened 
ipproximately one foot. This well was 
squeeze cemented three times with dif 
for 


ferent colored cement purposes of 


identification. Red slurry was used on 


the first job, after breaking down with 


water, and nearly a cubic foot of slur 
ry was displaced at a pressure of 50 


psi before the pressure built up to ap 
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The 


the hole was cleaned out 


aay 
the formation 


proximately 500 psi following 
again broken down, and approximately 


1% cu ft of yellow colored cement 
slurry was squeezed out at 20 psi be 
fore the pressure increased to S00 psi 
The third ob 


approximately 


squeeze was periormed 


four hours later after 
drilling out the cement plug 

formation a 

Black 
squeezed into the well 
l% cu slurr 


the pressure aga 


ing down the 


with water. cement 


after ft of 
plac ed, 
to 500 psi 


this well showed that the 


Subseque nt excavation 


slurt 


cement 


exhibited a general tendency to follow 


the squeezed cement of | 


Figs. 4 and 5 are photographs 


after excavation of the well. The 


ment pancake observed in | 1 


composed of a laver of red and yellow 


cement. The only evidence of black ce 


ment, the third 


squeeze job sa thu 


layer at the extreme left of this photo 


above the mair 


graph and about 3 in 
After t 


laver of cement iking tl 


ture, further 
blac k 


were betweer 


excavation rev 


streaks of cement 


of which 


layers, as is shown in Fig. 5. Other 
shallow wells subsequently squeeze ce 
mented two or more times in the same 
interval exhibited a general tendency 
for the cement slurry to follow the same 
zone of weakness as did the cement of 


job 


not 


the While these shallow well 


first 


tests may exactly represent what 


happens on a typi al field squeeze ce 


menting job, it is believed that the- 


results do indicate the general behavier 


of a cement slurry on a deep well 


squeeze job 


The 


mud 


cementing 


question of whether water « 
should be used to break down 
formation preceding a squeeze job has 


asked 


the importance of this question, a num 


been many times. In view of 


ber of shallow wells were utilized to 


evaluate this point 
When considering enly the effects of 


the breakdown agent on the cement 


squeezed out into a formation, the ad 


vantages of water over mud were ap 


arent early in the testing program 
£g 


For example, shallow well tests showed 
broken 


squeezin 


that when formations were 


down with water prior to 


Representative Data from Field Squeeze Cementing Tests 
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Ft 
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FIG. 3 — SAMPLE OF CEMENT PANCAKE FROM SHALLOW WELL 
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FIG. 5 — RELATIVE LOCATION OF CEMENT PANCAKES ON THREE SUCCESSIVE SQUEEZE JOBS 
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cement, the cement bonded firmly and 
set hard against the formation. Figs. 
3. 4 and 5, discussed previously, illus- 
trate this point. Squeeze jobs in 5 
shallow wells, where the cement was 
squeezed through perforations, indi- 
cated that water as a breakdown agent 
is more satisfactory than mud in ob 
taining perforation shutoffs. Water was 
ised as a breakdown agent in 4 wells 
involving multiple squeeze cementing 
operations on 43 perforations. Only one 
of the-e perforations was not sealed by 
he cement slurry. Mud was used as a 
breakdown agent in 3 wells involving 
multiple squeeze cementing operations 
on 21 perforations, Of these 21, four 
were found to be open when exacava 
tions were made to observe the results. 
\ summation of these shallow well 
tests showed that approximately 98 per 
cent of the perforations broken down 
with water and squeezed with cement 
were sealed, as compared to an ap 
proximate 80 per cent shutoff attained 
on those squeeze jobs where the for 
mation was broken down with mud 

In considering the possible applica 
tion of these data to field usage, it 
should be remembered that the use of 
water as a breakdown agent presents 
the possible hazard of a partial drown 
ing of the producing formation. An 
other objection to the use of water to 
break down formations is that it may 
not fracture highly permeable zones 

Mud, on the other hand, will break 
down highly permeable formations, and 
in field usage is believed to be less 
likely to damage oil sands, especially 
if the mud has low-water-loss charac 
teristics. The injection of mud ahead 
of cement on squeeze jobs is likely to 
fracture the formation a greater lateral 
distance than would water. However 
the mud film left on the face of the 
formation and on the primary cement 
heath will tend to prevent a tight bond 
between the squeezed cement, cement 
heath, and the formation. Experimental 
queeze jobs in shallow wells at the 
laboratory, where the effects of break 
ng down formations with mud were 
demonstrated, showed that cement will 
net bond to a cement sheath or sand 
face covered with mud. Examples of the 
effects of mud on bonding characteris 
tics are shown in Figs. 6 and 7 

This preliminary shallow well test 
work suggests that formations should 
be broken down with water in prefer- 
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ence to mud before squeeze cementing 
in those cases where the formation 
characteristics are such as to permit its 
use; that is, where there is no danger 
of water blocking the pay and where 
the permeability is sufficiently low to 
permit fracturing with water. A low- 
water-loss mud would be preferable to 
water for use as a breakdown agent 
preceding squeeze jobs in formations 
susceptible to water blocking or in 
formations of high permeability. 


Since neither mud nor water ap- 
pears to be a satisfactory breakdown 
agent prior to squeezing cement in all 
formations, each material having cer- 
tain advantages and disadvantages, the 
question is raised as to what would be 
an improved breakdown agent. Theo- 
retically it appears from a study of the 
above mentioned shallow well tests that 
a low-water-loss cement would be a 
good material for this use since it would 
not possess the disadvantages of either 


water or mud. 


The objective of some squeeze jobs 
is to displace the cement slurry into the 
formation at a given elevation to pre 
vent the vertical migration of undesir- 
able fluids. In order to determine the 
probability of success of this type of 
operation, a number of shallow well 


squeeze jobs were conducted 


[Iwo methods were utilized to accom- 
plish this purpose. In one method a 
special tool was used to V-notch the 
formation before it was broken down, 
to determine if the breakdown and sub 
sequent cement pancake would be 
formed in the notch. Two squeeze job- 
were conducted in a well under these 
conditions. In a second method, con 
sisting of high density shooting, the 
casing was perforated at the desired 
level with 12 shots, approximately 30 


apart, in a 2-in. band 


Following this 
the formation was broken down and 
the well squeeze cemented. Excavation 
of these two wells revealed that both 
of these attempts failed in their pur- 
pose. The cement pancake was oppo- 
site neither the notches nor the pet 
forations because formation weaknesses 
found in both wells allowed the frac 
ture to be formed more easily at other 


than the desired elevation 


These two wells demonstrated that in 
order to spot a cement pancake at a 
desired elevation, the formation must 


be relatively homogeneous. Due to the 
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fact that such formations are seldom 
encountered in the field, the breakdown 
agent and the cement slurry will be 
squeezed out into the isolated section 
of the formation at the weakest point 
whether it be a notch in the forma- 
tion, a bullet hole. or a weakness 
caused by a bedding plane or a soft 


streak in the formation 


Subsequent shallow well squeeze 
jobs through perforations in pipe, where 
the formation was relatively homogene- 
ous, indicated that the cement slurry 
entry point into the formation could be 
controlled by the elevation of the per- 
forations. This was demonstrated in a 
well that was perforated with four shots 
spaced 90° apart at the same elevation 
in homogeneous sandstone. The forma 
tion was broken down with mud at 550 
psi and four sacks of standard portland 
cement were squeezed into the formation 
with a final squeeze pressure of 2500 
ps Subsequent excavations revealed a 
horizontal cement pancake with a 360 


lateral spread opposite the perforations. 


Sometimes it might be desired that 
cement be squeezed so that it will pene 
trate the formation parallel to the bed 
ding planes in all directions. This is to 
be desired in cases where the primary 
purpose of the job is to minimize the 
tendency for gas or water coning. In 
view of this problem, work was per 
formed to determine whether or not 
cement that is forced out horizontally 
will completely surround the well bore 
when it is squeezed through perfora 


tions and in open hole 


Open hole squeeze jobs were per- 
formed on nine shallow wells with as 
many as three successive jobs in one 
well. In every case a 360° lateral 
spread of cement was obtained and the 
cement pancakes appeared to be of 
better quality and greater thickness 
than those formed by squeezing through 
perforations. 

In order to determine the lateral 
spread of cement squeezed through per- 
forations, three shallow wells were uti- 
lized. Cement was squeezed out 19 per- 
forations, both singly and in sets, with 
a resulting average lateral spread of 
cement of approximately 140° per per 
foration. A minimum lateral spread per 
perforation of 45° and a maximum of 
270° were noted. 

It appears from the shallow well 
tests that a large number of perfora- 
tions (possibly 10 or 20 shots) at the 
point of squeeze will tend to aid in 
obtaining a uniform squeeze pressure 
on the outside of the pipe. Then if 
formation conditions permit, the 
chances of creating a cement pancake 
parallel to the bedding planes and com- 
pletely surrounding the well bore will 
he improved. 

It has been demonstrated in field 
practice that perforations are some- 
times difficult to plug by squeezing a 
cement slurry. This has been evidenced 
by the fact that many times, several 
squeeze jobs are required to seal com- 
pletely one set of perforations. During 
these shallow well tests, squeeze jobs 


were conducted on nine sets of perfora- 
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tions in four wells; five perforations 
were found to be open after squeezing. 
On the other hand, a shallow well that 
was perforated and squeezed five suc- 
cessive times, one perforation at a 
time, had no unplugged perforations. 
An analysis of these test results would 
seem to indicate that, other factors per- 
mitting, a well probably should be 
perforated with as few shots as prac- 
ticable at the time of testing; then, if 
it is found that the perforations must 
be plugged, they could be squeezed off 


with minimum rt. 


Control of the quantity of cement 
placed out in the formation during a 
squeeze job is believed to be very im- 


Field 


that on some wells large quantities of 


portant. experience has shown 


cement may be readily displaced out 
into the formation before a high final 
pressure is attained. On other wells it 
is dificult te displace any appreciable 
quantity of slurry out into the forma- 
tion before the cement dehydrates and 
the pressure increases. It was found in 
shallow well tests that the quantity of 
cement squeezed out into the formation 
could be controlled to a certain extent 
by a variation in the squeeze cement 
ing procedure. After the formation was 
broken down, it was possible to inject 
large quantities of cement slurry into 
the fracture at a relatively low pressure. 
In order to limit the quantity of ce- 
ment placed during these jobs, slow 
hesitation 


pumping or pumping was 


employed. These procedures consisted 
of placing a predetermined quantity of 
normal then 


cement in the manner, 


FIG. 7 
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either slowi or shutting down the 


pumps for short periods to initiate a 


pressure buildup. In this manner it 


was possible in many imstances to at 


tain high final pressures and limit the 


quantity of cement slurry displaced 


even in some of the soft streaks encoun 


tered in these shallow wells 


Large quantities of cement were dis 


placed into the formation by the use 
This is a spe 


API fluid loss 


of less than 100 ce in 30 minutes.* 


of low-water-loss cement 


cial cement that has an 
Therefore. almost unlimited quantities 
of this cement can be placed without a 
pressure build pp because it will resist 
dehydration. Tests performed in a shal 
low well pern tted the placement ot 
40 sacks of tl 


downs ranging 


cement, with five shut 
from 5 to 30 minutes 
without a pressure buildup in three 
hours of pumping. Yet when 10 sacks 
cement were 


of standard portland 


squeezed in a second well under simi 
lar conditions, the slurry dehydrated in 
30 minutes with a pressure buildup of 


2000 psi 
A number 


conducted using 


shallow well tests were 
i phenol formaldehyde 
type plastic with and without inert 


fillers, as a 


ally speaking, the 


cementing medium. Gener 
these 
difficul 


d with the setting char 


results of 


tests were inconclusive due t 


ties experience 
acteristics of the plastic’ at the low 
temperatures found at shallow depths 


these wells revealed that 


Excavation. of 


* API ¢ 
Standard Fis 
luids” 
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the plasties tested performed the same 
as cement slurries in the seeking of 
zones of weakness and in the formation 


of pancakes. A plastic pancake is il- 


lustrated in Fig. 8. 

Before recommending extensive field 
testing of the improved procedure sug- 
gested by the shallow well squeeze jobs, 
it was deemed advisable to check, un- 
der controlled deep well conditions in 
the field, the applicability of the slow 
pumping or hesitation pumping squeeze 
cementing procedure to field squeeze 
cementing operations, and then by sub- 
sequent coring determine the direction 
of travel of the squeezed cement from 
the well bore. 

I'wo such tests were performed in the 
Gulf Coast area in wells 9530 and 2635 


ft deep. These tests, performed in a 


37. in. diameter rat hole drilled below 

in. casing in the first well and 

; in. casing on the second, definite 
vy indicated not only that the slow 
pumping procedure as used in the lab 
oratory was workable. but also fur 
nished additional data for confirmation 
of the previously established overbur- 
den pressure theories. Coring the rat 
showed 


holes after the squeeze jobs 


that on one well the cement was 
squeezed out the bottom of the rat hole 
in a vertical fracture, while on the 
second the cement was squeezed out in 
a horizontal pancake. These tests illus- 
trated that either type fracture may be 
formed, depending upon the formation 
against which the cement is squeezed. 
The vertical pancake from the well 
9530 ft deep is illustrated in Fig. 9, 
which shows a portion of the core re- 
moved from this well. Fig. 10 shows a 
portion of the core taken from the sec- 
ond well 2635 ft deep, illustrating the 


horizontal pancake. 


FIELD INVESTIGATION TO 
DETERMINE PROPER 
SQUEEZE CEMENTING 

METHODS 


Reviewing the results obtained from 

preliminary studies, it became ap- 
parent that the ability of a squeeze ce- 
ment job to seal perforations is depend- 
ent upon the bond obtained between 
the squeezed cement and the primary 
cement sheath (see Fig. 7). rather than 
on the quantity of cement that can be 
lisplaced out into the formation. If the 


queezed cement does not bond to the 
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primary cement job, such as to prevent 
the entry of well fluids into the casing 
at this point, then all cement squeezed 
beyond this point serves very little pur- 
pose. The initial investigation also in- 
dicated that the quantity of cement re- 
quired to obtain a high final squeeze 


pressure could be controlled by utiliz- 


ing special squeeze cementing tech 


niques 


It is realized that a definite evalua- 
tion of a squeeze cementing procedure 
should be based on the ability of the 
squeeze job to accomplish the desired 
results. However, on many of the 
squeeze jobs conducted during this se- 
ries of field tests, well conditions pre- 
vented a uniform testing program fol- 
lowing each job, making a definite eval 
uation of the various squeeze cement- 
ing procedures difficult. As past field 
experience has indicated that a large 
majority of the successful squeeze job 
was characterized by a high final 
squeeze pressure, it appeared that this 
factor might be used as a criterion for 
judging Various squeeze cementing pro 
cedures. By accepting this line of rea 
soning, it was then possible to rate a 
given proc edure on the number ot sacks 
of cement with which a high final 
squeeze pressure was obtained. For ex 
ample, at the present time only 100 to 
125 sacks of cement are required for 
a squeeze ji b. as compared to the esti 
mated 250 or more sacks previously 


used 


Using these premises as the basis for 
forming an improved squeeze cement 
ing procedure, a technique was recom 
mended to the field for trial in several 
wells. The basic assumption was that 
the slow displacement of a cement slut 
ry, once a breakdown had been ob 
tained, would aid in the dehydration 


of the slurry, and thus help in com 
pacting the squeezed cement into ihe 
perforations to be plugged. This proce 
dure would allow control over the quan 
tity of cement to be displaced before 


the final squeeze pressure is obtained. 


To further verify the aforementioned 
slow pumping technique, field tests 
were set up to investigate each of the 
following variables 

1. Workability of the slow pumping 

or hesitation pumping squeeze ce 
menting procedure 
». Desirability of a high final squeeze 


pressure 
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> ype ol retainer best suited for 


squeeze cementing operations 


Investigation of formation break 


down agents 
R 
tequired waiting on cement time 


Importance ot the differential 
pressure imposed on perforations 
during testing 

Approximately 160 squeeze cement 

jobs have been conducted in the field 

to evaluate the aforementioned 

ables. Representative data from 


jobs are in luded in I able Il 


Slow Pumping Procedure 


The slow pumping squeeze cementing 
procedure used on these field tests con 


sisted principally of the following steps 


l. The retainer was lowered into the 
well until it was below the zone or 
perforations to be squeezed 

The proper breakdown fluid was 

circulated to bottom and up into 

the annulus so that it complete] 
covered the zone to be suee zed 

The retainer was raised and set it 

the pipe a sufficient distance ibove 

the periorations to eliminate tl 
hazard of dehydrating cement 
around the retainer 

Approximately 150 sacks of ce 

ment were mixed and displaced 

down the tubing. immediately fol 
lowing the breakdown agent 

The formation was broken down 


and 50 sacks of cement were 


pumped out into the formation at 
a high pump rate (2 to 3 bbl 
min! 
The next 50 sacks were displaced 
into the formation at a lower 
pump rate (approximately 1 bbl 
min 
If a pressure buildup had not oe- 
curred by the time the third 50 
sacks were started into the forma- 
tion, the pumps were slowed down 
to a rate of 44 to 44 bbl/min or 
lower as long as the cement was 
kept moving. This very slow pump- 
ing almost always resulted in a 
pressure buildup. Hesitation 
squeezing, or alternate pumping 
and shutting down periods, was 
also found effective, but this prac- 
tice is somewhat hazardous in 
that the cement might gel or cet 
while not in motion, and thus re 
ist further movement up or down 
the tubing or drill pipe. 
When the pressure buildup 0 
curred, as much surface pressure 
was applied as the well equipment 
permitted. The pressure was held 
for approximately one minute be 
fore reversing out the excess 
-lurry 

Prior to these tests, the field prac- 
tice in many areas was to break down 
the formation with mud and then dis- 
place the cement slurry into the forma 
tion at as fast a rate as practicable un- 
til a pressure buildup occurred and no 


more cement could be displaced. Fre 


quently, as many as 250 sacks of ce- 
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jobs* 


be required to attain the desired high 


ment and several stage would 


final squeeze pressure. 


An analysis of the fast pumping 


field. 


experiments previ- 


squeeze procedure used by the 
and the laboratory 
ously described, suggested that part of 
the cement slurry on a field squeeze 
job was being displaced out into the 
formation away from the well bore. The 
pressure buildup was obtained only 
when sufhcient water had been squeezed 
out of 


solid plug which resisted further move 


the cement slurry to leave a 


ment and thus caused a buildup in 
pressure. The slow pumping procedure 
aided this rate of water loss by de- 
creasing the displacement rate and al- 
lowing more time for the cement slurry 


to dehydrate. High final squeeze pres 


* Stage ob is defined as one part of a 
squeeze 
buildup is obtained with a predetermined quan- 
tity of cement. The perforations are subse- 
quently cleared of cement in preparation for 
This process is repeated until 
high final squeeze pressure is 

obtained 


VERTICAL 


| 


FIG. 9 
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cementing job on which no pressure 
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sures were ‘tained with mu 


umes of than had 
previously been possible 

Well conditior on eighteen squeeze 
it dept! 


smaller vy cement 


| conducted 
6000 ft 


cementing 

of approximate permitted an 
evaluation of the desirability of obtain 
ing a hign pressure. Nine of the 
ulted 
jobs, and tl ther nine 


off all pertorations The 


of the successful jobs 


eighteen test successful 
failed to shut 
bottom hols 
squeeze pres 
averaged 10,100 psi, or 7600 psi differ 
! 


ential, while t of the unsuccessf 


jobs averag 7900 p wv 5400 


course many other 


psi different 
factors ents | nto the determination 
of success of ir of these jobs, bu 
the over-all diff } in final squeeze 


pressures is | eved to be significant 


At the pre 


sore irea 


time field practice in 
indicated that a final 
bettom hole eeze cementing pressure 
equal to well depth x 1.0 2000 ps 
satisfactory results 


held 


is generally giving 


However. li: experience ha 


Sait 


CORE FROM 9,530 FT WELL SHOWING VERTICAL 


CEMENT PANCAKE 
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indicated that bettom hole pressures as 
high 5000 psi 
may be required in shallow wells for 


as well depth x 0.6 + 


satisfactory jobs. (See Fig. 11). 
During these field tests a study was 

made to determine if drillable or re- 

affected 


jobs differently, or if one type 


trievable cement retainers 
(yueeze 
of retainer would be preferable to the 
other. At the beginning of these obser 
vations it was the thought that the drill- 
ble type retainer might be superior to 

retrievable retainer in that it pro 
vided a means for retention of the full 
final squeeze pressure on the slurry 
luring the entire curing period of the 
cement. The use of a retrievable type 
retainer, however, required that all of 
the surface pressure be bled off before 
tarting the retainer out of the well. An 
vestigation of 109 squeeze jobs, where 
i retrievable retainer was used, revealed 
that only 12 of these jobs were failures. 
Considering the many other factors that 
could have contributed to the 12 fail 
ures, it is difheult to visualize how any 
other type retainer could provide im 
proved service. It can, based on these 
data and past field experience, be as- 
sumed that both retrievable and drill- 
ible type retainers are satisfactory for 
“pueeze jobs 

The field investigation of formation 
breakdown agents involved three mate 
rials —- mud, water, and a mixture of 


hydrochloric and hydrofluoric acids 
(HCl + HF). 
criterion for the three agents, the num 
sacks of 


final 


In order to establish a 


ber of cement required to 


obtain a high squeeze pressure 


was compared with each breakdown 
agent used. Table II below shows the 


data obtained on these evaluations. 


Table Hl 


Effect of Breakdown Agent on 


Quantity of Cement Required 


Avg. Sacks Cement 

Required to Obtain 

No. Jobs | a High Final Squeese 
Used } -reasure 


6 125 
6 126 
42 os 


This table indicates that mud and 
water require about the same quantity 
of cement before a satisfactory 


sure can be obtained, but that the mix- 


pres- 
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ture of hydrochloric and hydrofluoric 
acids appears to be the best breakdown 


agent tested based on the 


amount of 
cement required to obtain a high final 
squeeze pressure. In view of the encour- 
aging results obtained with this mate- 
rial, and in an effort to improve on 
these results, additional tests have been 
planned with other chemical washes 


for use as improved breakdown agents. 


As no definite criterion had been es- 
tablished for the determination of wait- 
ing on cement time following squeeze 
cementing operations, 24 hours, which 
is accepted by many operators for cas- 
ing cementing operations, was generally 
employed on this series of tests. This 
time was sufficient for every job where 
it was used and could be evaluated. 
Since a WOC time of less than 24 hours 
was successfully employed on some of 
these jobs as well as on other jobs, and 
since the temperatures and pressures 
are more severe than those encountered 
during casing cementing operations, it 
appears that a reduced WOC time may 


be used with reasonable safety. 


By reducing the pressure in the cas- 
ing, the pressure differential effected 
across a section of squeezed off perfora- 
tions was found in some instances to be 
greatly in excess of the pressure that 
would be imposed across the perforated 
interval during the remaining life of 
the well. For example, some wells hav- 
ing producing differentials of 200 to 
300 psi were being tested with differ 
ential pressures as high as 2500 psi. 
This high differential pressure was ap 
parently a contributing factor in the 
resulting squeeze job failures. Believing 
that these conditions were unnecessarily 
severe, subsequent perforation testing 
was performed by imposing only as 
much differential pressure on the per- 
ferated interval being tested as would 
be imposed during the rest of the pro- 
ducing life of the well. Of the 160 
squeeze cementing jobs reviewed in this 
investigation, it was possible to obtain 
complete data on the pressures used in 
testing the squeezed perforated inter- 
vals on only eight jobs. Of these eight, 
five were tested by imposing pressures 
comparable to those imposed on the 
well during its producing life. In each 
of the five wells tested the low differen- 
tial pressure tests showed the squeeze 
lable HU, 
Wells No. 10, 12, 13, 16, and 19.) The 


job to be successful. (See 
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remaining three jobs were tested using 
a high differential pressure. Two of the 
three jobs tested showed an unsucces- 
ful squeeze job, with the remaining well 
testing satisfactorily. (See Table II 
Wells Nos. 7, 8, and 20.) 

To date, insufficient data are avail 
able to permit accurate evaluation of 
the cements to be used for squeeze 
work, Fig. 12 illustrates the difference 
between the four bottom hole squeeze 
cementing temperatures obtained to 
date and the casing cementing tempera- 
tures that have been previously estab 


lished by extensive field tests From 
the limited data on hand at this time 
it is believed that bottom hole tempera 
ture and pressure conditions are much 
more severe tor squeeze cementing than 
they are for casing cementing 
Complete evaluations of all cements 


for squeeze work are planned for the 


"API Code 


future. Until these data are available, 
it is believed that care should be exer- 
cised in selecting cements for squeeze 
since cements 


cementing operations, 


tend to set more rapidly under high 


temperatures and pressures. 


CONCLUSIONS 


[he results obtained from both lab- 
oratory and field investigations may be 


summarized as follows: 


Laboratory Shallow Well Tests indi- 


cated that 


|. Formations break down in any 
existing zone of weakness and a 
cement slurry subsequently 
squeezed into the well enters that 
zone in the form of a sheet or 
“pancake”. 


2. A cement slurry squeezed through 


a perforated section is most likely 
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to enter only those perforations 
adjacent to or communicating with 


the zone of weakness. 


. Perforations opposite formations 
broken down with water are more 
easily sealed with cement than are 
those opposite formations broken 
down with mud. 

. The average lateral spread of a 


cement slurry squeezed from an 
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open hole is approximately 360 


the spread of cement squeezed 


through perforations is erratic in 


that it varies from 45° to 270° pe 


perforation, averaging 140°. 
Field Tests indicated that 


1. The slow pumping squeeze ce 


menting procedure results in im 


proved “puUceze cementing opera 


tious utilizing less cement to ob 


tain a high final squeeze pressure 





a= nm 
@ i) oa) oO 


PRESSURE, thousands of psi 
By 











10 12 


WELL DEPTH, thousands of feet 


FIG. 11 


FINAL BOTTOM HOLE SQUEEZE PRESSURE 











Normal Static 
Bottom Hole 
Temperature 











TEMPERATURE, °F 








4 
| Squeeze " 


Estimated~Bottom Hole 
Casing Cementing 











Temperature ——+ 
! 
| 








i 





4 6 8 
WELL DEPTH, thousands of feet 


10 12 


FIG. 12—COMPARISON OF BOTTOM HOLE CASING AND SQUEEZE CEMENTING TEMPERATURES 


Vol. 189, 1950 


PETROLEUM TRANSACTIONS, AIME 


T.P. 2795 


2. High final squeeze pressures ap- 

pear to aid materially in accom- 
successful squeeze ce- 
ment jobs, although a high final 


plishing 


pressure does not necessarily in- 
sure plugging of all perforations. 
Comparable results are obtained 
with either drillable or retrievable 
cement retainers, 

Ihe mixture of hydrochloric and 
hydrofluoric acids appears to be 
breakdown 


a more satisfactory 


agent than either mud or wates. 

A waiting on cement time of 24 
hours appears to be ample, with 
some field data indicating that a 
shorter time may be sufficient. 

The reduction of pressure in the 
casing during testing may be det- 
rimental to the success of the 
squeeze job, if the resulting dif- 
ferential pressure across the per- 
forated interval is greater than 
that expected during well produc- 


tion. 


FUTURE DEVELOPMENTS 


Although much work has been done 


in the past on the improvement of 
squeeze cementing techniques and mate- 
rials, there still remains a great deal of 
research and development work to be 
accomplished. There are some phases 
f this type of operation where the 
available knowledge is inadequate and 
others that need improvement. For ex- 
ample, the failure of many squeeze jobs 
to shut off completely all perforations, 
even though high final squeeze pres- 
sures are obtained, shows the need for 
improved squeeze cementing materials 
and procedures which will allow suc- 
plugging of 
and still afford a means of obtaining a 


cessive each perforation 
high final squeeze pressure. Consider- 
able thought has also been given to the 
possibility of squeezing out into a for- 
mation an impermeable Jens or pan- 
cake of cement at selected elevations in 
a well bore to control the migration of 
undesirable fluids into the producing 
well. The lack of definite measurements 
of bottom hole squeeze cementing tem- 
peratures represents another limitation 
of our present squeeze cementing know- 
how. The solution to these and other 
equally important problems will un- 
doubtedly permit further improvements 


in squeeze cementing qperations. 
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